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Gene Therapy vectors, 
which are especially useful for 
cystic fibrosis, and methods for 
using the vectors are disclosed. 
In preferred embodiments, the 
vectors are adenovirus-based. 
Advantages of adenovirus-based 
vectors for gene therapy are that 
they appear to be relatively safe 
and can be manipulated to encode 
the desired gene product and 
at the same time are inactivated 
in terms of their ability to 
replicate in a normal lytic 
viral life cycle. Additionally, 
adenovirus has a natural 
tropism for airway epithelia. 
Therefore, adenovirus-based 
vectors are particularly preferred 
for respiratory gene therapy 
applications such as gene 
therapy for cystic fibrosis. 
In one embodiment, the 
adenovirus-based gene therapy 
vector comprises an adenovirus 
2 serotype genome in which 
the Ela and Elb regions of the 
genome, which are involved in 

early stages of viral replication have been deleted and replaced by genetic material of interest (e.g., DNA encoding the cystic fibrosis 
transmembrane regulator protein). In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus (PAV). PAVs 
contain no potentially harmful viral genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in reasonably 
high titers and maintain the tropism of the parent adenovirus for dividing and non-dividing human target cell types. 
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GENE THERAPY FOR CYSTIC FIBROSIS 



Related Applications 

This application is a continuation-in-part application of United States Serial Number 
5 08/130,682, filed on October 1, 1993 which is a continuation-in-part application of United 
States Serial Number 07/985,478, filed on December 2, 1992, which is a continuation-in-part 
application of United States Serial Number 07/613,592, filed on November 15, 1990, which 
is in turn a continuation-in-part application of United States Serial Number 07/589,295, filed 
on September 27, 1990, which is itself a continuation-in-part application of United States 

10 Serial Number 07/488,307, filed on March 5, 1990. The contents of all of the above co- 
pending patent applications are incorporated herein by reference. Definitions of language or 
terms not provided in the present application are the same as those set forth in the copending 
applications. Any reagents or materials used in the examples of the present application 
whose source is not expressly identified also is the same as those described in the copending 

1 5 application, e.g., AF508 CFTR gene and CFTR antibodies. 

Background of the Invention 

Cystic Fibrosis (CF) is the most common fatal genetic disease in humans (Boat, T.F. 
et al. in The Metabolic Basis of Inherited Diseases (Scriver, CR. et al. eds., McGraw-Hill, 

20 New York (1989)). Approximately one in every 2,500 infants in the United States is born 
with the disease. At the present time, there are approximately 30,000 CF patients in the 
United States. Despite current standard therapy, the median age of survival is only 26 years. 
Disease of the pulmonary airways is the major cause of morbidity and is responsible for 95% 
of the mortality. The first manifestation of lung disease is often a cough, followed by 

25 progressive dyspnea. Tenacious sputum becomes purulent because of colonization of 

Staphylococcus and then with Pseudomonas. Chronic bronchitis and bronchiectasis can be 
partially treated with current therapy, but the course is punctuated by increasingly frequent 
exacerbations of the pulmonary disease. As the disease progresses, the patient's activity is 
progressively limited. End-stage lung disease is heralded by increasing hypoxemia, 

30 pulmonary hypertension, and cor pulmonale. 

The upper airways of the nose and sinuses are also involved in CF. Most patients 
with CF develop chronic sinusitis. Nasal polyps occur in 15-20% of patients and are 
common by the second decade of life. Gastrointestinal problems are also frequent in CF; 
infants may suffer meconium ileus. Exocrine pancreatic insufficiency, which produces 

35 symptoms of malabsorption, is present in the large majority of patients with CF. Males are 
almost uniformly infertile and fertility is decreased in females. 

Based on both genetic and molecular analyses, a gene associated with CF was isolated 
as part of 21 individual cDNA clones and its protein product predicted (Kerem, B.S. et al. 
(1989) Science 245:1073-1080; Riordan, J.R. et al. (1989) Science 245:1066-1073; 
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Rommens, J.M. et al. (1989) Science 245:1059-1065)). United States Serial Number 
07/488,307 describes the construction of the gene into a continuous strand, expression of the 
gene as a functional protein and confirmation that mutations of the gene are responsible for 
CF. (See also Gregory, RJ. et al. (1990) Nature 347:382-386; Rich, D.P. et al. (1990) Nature 
5 347:358-362). The co-pending patent application also discloses experiments which show that 
proteins expressed from wild type but not a mutant version of the cDNA complemented the 
defect in the cAMP regulated chloride channel shown previously to be characteristic of CF. • 

The protein product of the CF associated gene is called the cystic fibrosis 
transmembrane conductance regulator (CFTR) (Riordan, j.R. et al. (1989) Science 245:1066- 

1 0 1073). CFTR is a protein of approximately 1480 amino acids made up of two repeated 
elements, each comprising six transmembrane segments and a nucleotide binding domain. 
The two repeats are separated by a large, polar, so-called R-domain containing multiple 
potential phosphorylation sites. Based on its predicted domain structure, CFTR is a member 
of a class of related proteins which includes the multi-drug resistance (MDR) or P- 

15 glycoprotein, bovine adenyl cyclase, the yeast STE6 protein as well as several bacterial 

amino acid transport proteins (Riordan, J.R. et al. (1989) Science 245:1066-1073; Hyde, S.C. 
et al. (1990) Nature 346:362-365). Proteins in this group, characteristically, are involved in 
pumping molecules into or out of cells. 

CFTR has been postulated to regulate the outward flow of anions from epithelial cells 

20 in response to phosphorylation by cyclic AMP-dependent protein kinase or protein kinase C 
(Riordan, J.R. et al, (1989) Science 245:1066-1073; Welsh, 1986; Frizzell, R.A. et al. (1986) 
Science 233:558-560; Welsh, M.J. and Liedtke, CM. (1986) Nature 322:467; Li, M. et al. 

(1988) Nature 331:358-360; Huang, T-C. et al. (1989) Science 244:1351-1353). 
Sequence analysis of the CFTR gene of CF chromosomes has revealed a variety of 

25 mutations (Cutting, G.R. et al. (1990) Nature 346:366-369; Dean, M. et al. (1990) Celt 

61:863-870; and Kerem, B-S. et al. (1989) Science 245:1073-1080; Kerem, B-S. et al. (1990) 
Proc, Natl Acad, Scl USA 87:8447-8451). Population studies have indicated that the most 
common CF mutation, a deletion of the 3 nucleotides that encode phenylalanine at position 
508 of the CFTR amino acid sequence (AF508), is associated with approximately 70% of the 

30 cases of cystic fibrosis. This mutation results in the failure of an epithelial cell chloride 
channel to respond to cAMP (Frizzell R.A. et al. (1986) Science 233:558-560; Welsh, M.J. 
(1986) Science 232:1648-1650.; Li, M. et al. (1988) Nature 331:358-360; Quinton, P.M. 

(1989) Clin, Chem. 35:726-730). In airway cells, this leads to an imbalance in ion and fluid 
transport. It is widely believed that this causes abnormal mucus secretion, and ultimately 

35 results in pulmonary infection and epithelial cell damage. 

Studies on the biosynthesis (Cheng, S.H. et al. (1990) Cell 63:827-834; Gregory, RJ. 
et al. (1991) Mol Cell Biol 1 1:3886-3893) and localization (Denning, G.M. et al. (1992) 1 
Cell Biol 1 18:551-559 ) of CFTR AF508, as well as other CFTR mutants, indicate that many 
CFTR mutant proteins are not processed correctly and, as a result, are not delivered to the 
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plasma membrane (Gregory, R.J. et al. (1991) Mol Cell Biol 1 1 :3886-3893). These 
conclusions are consistent with earlier functional studies which failed to detect cAMP- 
stimulated CI" channels in cells expressing CFTR AF508 (Rich, D.P. et al. (1990) Nature 
347:358-363; Anderson, M.P. et al. (1991) Science 251:679-682). 
5 To date, the primary objectives of treatment for CF have been to control infection, 

promote mucus clearance, and improve nutrition (Boat, T.F. et al. in The Metabolic Basis of 
Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York (1989)). Intensive 
antibiotic use and a program of postural drainage with chest percussion are the mainstays of 
therapy. However, as the disease progresses, frequent hospitalizations are required. 

10 Nutritional regimens include pancreatic enzymes and fat-soluble vitamins. Bronchodilators 
are used at times. Corticosteroids have been used to reduce inflammation, but they may 
produce significant adverse effects and their benefits are not certain. In extreme cases, lung 
transplantation is sometimes attempted (Marshall, S. et al. (1990) Chest 98:1488). 

Most efforts to develop new therapies for CF have focused on the pulmonary 

1 5 complications. Because CF mucus consists of a high concentration of DNA, derived from 
lysed neutrophils, one approach has been to develop recombinant human DNase (Shak, S. et 
al. (1990) Proc. Natl Set Acad USA 87:9188). Preliminary reports suggest that aerosolized 
enzyme may be effective in reducing the viscosity of mucus. This could be helpful in 
clearing the airways of obstruction and perhaps in reducing infections. In an attempt to limit 

20 damage caused by an excess of neutrophil derived elastase, protease inhibitors have been 

tested. For example, alpha- 1 -antitrypsin purified from human plasma has been aerosolized to 
deliver enzyme activity to lungs of CF patients (McElvaney, N. et al. (1991) The Lancet 
337:392). Another approach would be the use of agents to inhibit the action of oxidants 
derived from neutrophils. Although biochemical parameters have been successfully 

25 measured, the long term beneficial effects of these treatments have not been established. 

Using a different rationale, other investigators have attempted to use pharmacological 
agents to reverse the abnormally decreased chloride secretion and increased sodium 
absorption in CF airways. Defective electrolyte transport by airway epithelia is thought to 
alter the composition of the respiratory secretions and mucus (Boat, T.F. et al. in The 

30 Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., McGraw-Hill, New York 
(1989); Quinton, P.M. (1990) FASEBJ. 4:2709-2717). Hence, pharmacological treatments 
aimed at correcting the abnormalities in electrolyte transport could be beneficial. Trials are in 
progress with aerosolized versions of the drug amiloride; amiloride is a diuretic that inhibits 
sodium channels, thereby inhibiting sodium absorption, Initial results indicate that the drug 

35 is safe and suggest a slight change in the rate of disease progression, as measured by lung 

function tests (Knowles, M. et al. (1990) N. Eng. J. Med 322: 1 189-1 194; App, E.(1990) Am. 
Rev. Respir. Dis. 141 :605). Nucleotides, such as ATP or UTP, stimulate purinergic receptors 
in the airway epithelium. As a result, they open a class of chloride channel that is different 
from CFTR chloride channels. In vitro studies indicate that ATP and UTP can stimulate 



chloride secretion (Knowles, M. et al. (1991) N. Eng. J, Med 325:533). Preliminary trials to 
test the ability of nucleotides to stimulate secretion in vivo, and thereby correct the electrolyte 
transport abnormalities are underway. 

Despite progress in therapy, cystic fibrosis remains a lethal disease, and no current 
5 therapy treats the basic defect. However, two general approaches may prove feasible. These 
are: 1) protein replacement therapy to deliver the wild type protein to patients to augment 
their defective protein, and; 2) gene replacement therapy to deliver wild type copies of the CF 
associated gene. Since the most life threatening manifestations of CF involve pulmonary 
complications, epithelial cells of the upper airways are appropriate target cells for therapy. 

1 0 The feasibility of gene therapy has been established by introducing a wild type cDN A 

into epithelial cells from a CF patient and demonstrating complementation of the hallmark 
defect in chloride ion transport (Rich, D.P. et al. (1990) Nature 347:358-363 ). This initial 
work involved cells in tissue culture, however, subsequent work has shown that to deliver the 
gene to the airways of whole animals, defective adenoviruses may be useful (Rosenfeld, 

1 5 (1 992) Cell 68: 143-155). However, the safety and effectiveness of using defective 
adenoviruses remain to be demonstrated. 

Summary of the Invention 

In general, the instant invention relates to vectors for transferring selected genetic 

20 material of interest (e.g., DNA or RNA) to cells in vivo. In preferred embodiments, the 

vectors are adenovirus-based. Advantages of adenovirus-based vectors for gene therapy are 
that they appear to be relatively safe and can be manipulated to encode the desired gene 
product and at the same time are inactivated in terms of their ability to replicate in a normal 
lytic viral life cycle. Additionally, adenovirus has a natural tropism for airway epithelia. 

25 Therefore, adenovirus-based vectors are particularly preferred for respiratory gene therapy 
applications such as gene therapy for cystic fibrosis. 

In one embodiment, the adenovirus-based gene therapy vector comprises an 
adenovirus 2 serotype genome in which the Ela and Elb regions of the genome, which are 
involved in early stages of viral replication have been deleted and replaced by genetic 

30 material of interest (e.g., DNA encoding the cystic fibrosis transmembrane regulator protein). 

In another embodiment, the adenovirus-based therapy vector is a pseudo-adenovirus 
(PAV). PAVs contain no potentially harmful viral genes, have a theoretical capacity for 
foreign material of nearly 36 kb, may be produced in reasonably high titers and maintain the 
tropism of the parent adenovirus for dividing and non-dividing human target cell types. 

35 PAVs comprise adenovirus inverted terminal repeats and the minimal sequences of a wild- 
type adenovirus type 2 genome necessary for efficient replication and packaging by a helper 
virus and genetic material of interest. In a preferred embodiment, the PAV contains 
adenovirus 2 sequences. 
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In a further embodiment, the adenovirus-based gene therapy vector contains the open 
reading frame 6 (ORF6) of adenoviral early region 4 (E4) from the E4 promoter and is 
deleted for all other E4 open reading frames. Optionally, this vector can include deletions in 
the El and/or E3 regions. Alternatively, the adenovirus-based gene therapy vector contains 
5 the open reading frame 3 (ORF3) of adenoviral E4 from the E4 promoter and is deleted for all 
other E4 open reading frames. Again, optionally, this vector can include deletions in the El 
and/or E3 regions. The deletion of non-essential open reading frames of E4 increases the 
cloning capacity by approximately 2 kb without significantly reducing the viability of the 
virus in cell culture. In combination with deletions in the E l and/or E3 regions of adenovirus 
1 0 vectors, the theoretical insert capacity of the resultant vectors is increased to 8-9 kb. 

The invention also relates to methods of gene therapy using the disclosed vectors and 
genetically engineered cells produced by the method. 

Brief Description of the Tables and Drawings 

1 5 Further understanding of the invention may be had by reference to the tables and 

figures wherein: 

Table I shows CFTR mutants wherein the known association with CF (Y, yes or N, 
no), exon localization, domain location and presence (+) or absence (-) of bands A, B, and C 
20 of mutant CFTR species is shown. TM6, indicates transmembrane domain 6; NBD 

nucleotide binding domain; ECD, extracellular domain and Term, termination at 21 codons 
past residue 1337; 

Table II shows the nucleotide sequence of Ad2/CFTR-1; 

25 

Table III depicts a nucleotide analysis of Ad2-ORF6/PGK-CFTR; 

The convention for naming mutants is first the amino acid normally found at the 
particular residue, the residue number (Riordan, T.R. et al. (1989) Science 245:1066-1073). 
30 and the amino acid to which the residue was converted. The single letter amino acid code is 
used: D, aspartic acid; F, phenylalanine; G, glycine; I, isoleucine; K, lysine; M, methionine; 
N, asparagine; Q, glutamine; R, arginine; S, serine; W, tryptophan. Thus G551D is a mutant 
in which glycine 551 is converted to aspartic acid; 

35 Figure 1 shows alignment of CFTR partial cDNA clones used in construction of 

cDNA containing complete coding sequence of the CFTR, only restriction sites relevant to 
the DNA constructions described below are shown; 

Figure 2 depicts plasmid construction of the CFTR cDNA clone pKK-CFTRl ; 
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Figure 3 depicts plasmid construction of the CFTR cDNA clone pKK-CFTR2; 
Figure 4 depicts plasmid construction of the CFTR cDNA clone pSC-CFTR2; 

5 

Figure 5 shows a plasmid map of the CFTR cDNA clone pSC-CFTR2; 

Figure 6 shows the DNA sequence of synthetic DNAs used for insertion of an intron 
into the CFTR cDNA sequence, with the relevant restriction endonuclease sites and 
10 nucleotide positions noted; 

Figures 7A and 7B depict plasmid construction of the CFTR cDNA clone pKK- 
CFTR3; 

1 5 Figure 8 shows a plasmid map of the CFTR cDNA pKK-CFTR3 containing an intron 

between nucleotides 1716 and 1717; 

Figure 9 shows treatment of CFTR with glycosidases; 

20 Figures 10A and 10B show an analysis of CFTR expressed from COS-7 transfected 

cells; 



Figures 1 1 A and 1 IB show pulse-chase labeling of wild type and AF508 mutant 
CFTR in COS-7 transfected cells; 

25 

Figures 12A-12D show immunolocalization of wild type and AF508 mutant CFTR; 
and COS-7 cells transfected with pMT-CFTR or pMT-CFTR-AF508; 

Figure 13 shows an analysis of mutant forms of CFTR; 

30 

Figure 14 shows a map of the first generation adenovirus based vector encoding 
CFTR (Ad2/CFTR-1); 

Figure 15 shows the plasmid construction of the Ad2/CFTR-1 vector; 

35 

Figure 16 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from lung homogenates of cotton rats which received 
Ad2/CFTR-1 . The gel demonstrates that the homogenates were positive for virally-encoded 
CFTRmRNA; 



Figure 17 shows an example of UV fluorescence from an agarose gel electrophoresis 
of products of nested RT-PCR from organ homogenates of cotton rats. The gel demonstrates 
that all organs of the infected rats were negative for Ad2/CFTR with the exception of the 
5 small bowel; 

Figures 18A and 18B show differential cell analyses of bronchoalveolar lavage 
specimens from control and infected rats. These data demonstrate that none of the rats 
treated with Ad2/CFTR-1 had a change in the total or differential white blood cell count 4, 
10 10, and 14 days after infection (Figure 18 A) and 3, 7, and 14 days after infection (Figure 
18B); 

Figure 19 shows hematoxilyn and eosin stained sections of cotton rat tracheas from 
both treated and control rats sacrificed at different time points after infection with 
1 5 Ad2/CFTR- 1 . The sections demonstrate that there were no observable differences between 
the treated and control rats; 

Figures 20A and 20B show examples of UV fluorescence from an agarose gel 
electrophoresis, stained with ethidium bromide, of products of RT-PCR from nasal brushings 
20 of Rhesus monkeys after application of Ad2/CFTR-1 or Ad2/p-Gal; 

Figure 21 shows lights microscopy and immunocytochemistry from monkey nasal 
brushings. The microscopy revealed that there was a positive reaction when nasal epithelial 
cells from monkeys exposed to Ad2/CFTR-1 were stained with antibodies to CFTR; 

25 

Figure 22 shows immunocytochemistry of monkey nasal turbinate biopsies. This 
microscopy reveals increased immunofluorescence at the apical membrane of the surface 
epithelium from biopsies obtained from monkeys treated with Ad2/CFTR-1 over that seen at 
the apical membrane of the surface epithelium from biopsies obtained from control monkeys; 

30 

Figures 23A-23D show serum antibody titers in Rhesus monkeys after three vector 
administrations. These graphs demonstrate that all three monkeys treated with Ad2/CFTR-1 
developed antibodies against adenovirus; 

35 Figure 24 shows hematoxilyn and eosin stained sections from monkey medial 

turbinate biopsies. These sections demonstrate that turbinate biopsy specimens from control 
monkeys could not be differentiated from those from monkeys treated with Ad2/CFTR-1 
when reviewed by an independent pathologist; 
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Figures 25A-25I show photomicrographs of human nasal mucosa immediately before, 
during, and after Ad2/CFTR-1 application. These photomicrographs demonstrate that 
inspection of the nasal mucosa showed mild to moderate erythema, edema, and exudate in 
patients treated with Ad2/CFTR-1 (Figures 25A-25C) and in control patients (Figures 25G- 
5 251). These changes were probably due to local anesthesia and vasocontriction because when 
an additional patient was exposed to Ad2/CFTR in a method which did not require the use of 
local anesthesia or vasoconstriction, there were no symptoms and the nasal mucosa appeared 
normal (Figures 25D-25F); 

1 0 Figure 26 shows a photomicrograph of a hematoxilyn and eosin stained biopsy of 

human nasal mucosa obtained from the third patient three days after Ad2/CFTR-1 
administration. This section shows a morphology consistent with CF, i.e., a thickened 
basement membrane and occasional morphonuclear cells in the submucosa, but no 
abnormalities that could be attributed to the adenovirus vector; 

15 

Figure 27 shows transepithelial voltage (Vt) across the nasal epithelium of a normal 
human subject. Amiloride (|xM) and terbutaline (pM) were perfused onto the mucosal 
surface beginning at the times indicated. Under basal conditions (Vt) was electrically 
negative. Perfusion of amiloride onto the mucosal surface inhibited (Vt) by blocking apical 
20 Na 4 " channels; 

Figures 28A and 28B show transepithelial voltage (Vt) across the nasal epithelium of 
normal human subjects (Figure 28A) and patients with CF (Figure 28B). Values were 
obtained under basal conditions, during perfusion with amiloride (|iM), and during perfusion 

25 of amiloride plus terbutaline (jaM) onto the mucosal surface. Data are from seven normal 
subjects and nine patients with CF. In patients with CF, (Vt) was more electrically negative 
than in normal subjects (Figure 28B). Amiloride inhibited (Vt) in CF patients, as it did in 
normal subjects. However, Vt failed to hyperpolarize when terbutaline was perfused onto the 
epithelium in the presence of amiloride. Instead, (Vt) either did not change or became less 

30 negative, a result very different from that observed in normal subjects; 

Figures 29A and 29B show transepithelial voltage (Vt) across the nasal epithelium of 
a third patient before (Figure 29A) and after (Figure 29B) administration of approximately 
25 MOI of Ad2/CFTR-1 . Amiloride and terbutaline were perfused onto the mucosal surface 
35 beginning at the times indicated. Figure 29A shows an example from the third patient before 
treatment. Figure 29B shows that in contrast to the response before Ad2/CFTR-1 was 
applied, after virus replication, in the presence of amiloride, terbutaline stimulated V t ; 
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Figures 30A-30F show the time of course changes in transepithelial electrical 
properties before and after administration of Ad2/CFTR-L Figures 30A and 30B are from 
the first patient who received approximately 1 MOI; Figures 30C and 30D are from the 
second patient who received approximately 3 MOI; and Figures 30E and 30F are from the 
5 third patient who received approximately 25 MOI. Figures 30A, 30C, and 30E show values 
of basal transeptithelial voltage (V{) and Figures 30B, 30D, and 30F show the change in 
transepithelial voltage (AVf) following perfusion of terbutaline in the presence of amiloride. 
Day zero indicates the day of Ad2/CFTR-1 administration. Figures 30A, 30C, and 30E show 
the time course of changes in basal for all three patients. The decrease in basal 
1 0 suggests that application of Ad2/CFTR-1 corrected the CF electrolyte transport defect in 
nasal epithelium of all three patients. Additional evidence came from an examination of the 
response to terbutaline. Figures 30B, 30D, and 30F show the time course of the response. 
These data indicate that Ad2/CFTR-1 corrected the CF defect in CI- transport; 

1 5 Figure 3 1 shows the time course of changes in transepithelial electrical properties 

before and after administration of saline instead of Ad2/CFTR-1 to CF patients. Day zero 
indicates the time of mock administration. The top graph shows basal transepithelial voltage 
(Vt) and the bottom graph shows the change in transepithelial voltage following perfusion 
with terbutaline in the presence of amiloride (AVt). Closed symbols are data from two 

20 patients that received local anesthetic/vasoconstriction and placement of the applicator for 
thirty minutes. Open symbol is data from a patient that received local 
anesthetic/vasoconstriction, but not placement of the applicator. Symptomatic changes and 
physical findings were the same as those observed in CF patients treated with a similar 
administration procedure and Ad2/CFTR-1; 

25 

Figure 32 shows a map of the second generation adenovirus based vector, PAV; 

Figure 33 shows the plasmid construction of a second generation adenoviral vector 6 
(Ad E4 ORF6); 

30 

Figure 34 is a schematic of Ad2-ORF6/PGK-CFTR which differs from Ad2/CFTR in 
that the latter utilized the endogenous Ela promoter, had no poly A addition signal directly 
downstream of CFTR and retained an intact E4 region; 

35 Figure 35 shows short-circuit currents from human CF nasal polyp epithelial cells 

infected with Ad2-ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. At the indicated 
times: (1) 10 ^iM amiloride, (2) cAMP agonists (10 \xM forskolin and 100 jiM IBMX, and (3) 
1 mM diphenylamine-2-carboxylate were added to the mucosal solution; 



WO 94/12649 



rci/ua*J/iioo/ 

-10- 



Fignres 36A-36D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey C, before infection (36A) and on 7 days (36B); 24 (36C); 
and 38 (36D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 37A-37D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of Rhesus monkey D, before infection (37A) and on days 7 (37B); 24 (37C); and 
48 (37D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 38A-38D show immunocytochemistry of nasal brushings by laser scanning 
microscopy of the Rhesus monkey E, before infection (38A) and on days 7 (38B); 24 (38C); 
and 48 (38D) after the first infection with Ad2-ORF6/PGK-CFTR; 

Figures 39A-39C show summaries of the clinical signs (or lack thereof) of infection 
with Ad2-ORF6/PGK-CFTR; 

Figures 40A-40C shows a summary of blood counts, sedimentation rate, and clinical 
chemistries after infection with Ad2-ORF6/PGK-CFTR for monkeys C, D, and E. There was 
no evidence of a systemic inflammatory response or other abnormalities of the clinical 
chemistries; 

Figure 41 shows summaries of white blood cells counts in monkeys C, D, and E after 
infection with Ad2-ORF6/PGK-CFTR. These date indictate that the administration of Ad2- 
ORF6/PGK-CFTR caused no change in the distribution and number of inflammatory cells at 
any of the time points following viral administration; 

Figure 42 shows histology of submucosal biopsy performed on Rhesus monkey C on 
day 4 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 43 shows histology of submucosal biopsy performed on Rhesus monkey D on 
day 1 1 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; 

Figure 44 shows histology of submucosal biopsy performed on Rhesus monkey E on 
day 1 8 after the second viral instillation of Ad2-ORF6/PGK-CFTR. Hematoxylin and eosin 
stain revealed no evidence of inflammation or cytopathic changes; and 
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Figvires 45A-45C show antibody titers to adenovirus prior to and after the first and second 
administrations of Ad2-ORF6/PGK-CFTR. Prior to administration of Ad2-ORF6/PGK- 
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CFTR, the monkeys had received instillations of Ad2/CFTR-1. Antibody titers measured by 
ELISA rose within one week after the first and second administrations of Ad2-ORF6/PGK- 
CFTR. Serum neutralizing antibodies also rose within a week after viral administration and 
peaked at day 24. No anti-adenoviral antibodies were detected by ELISA or neutralizing 
assay in nasal washings of any of the monkeys. 

Detailed De scription a nd Best Mode 

Gene Therapy 

As used herein, the phrase "gene therapy" refers to the transfer of genetic material 
(e.g., DNA or RNA) of interest into a host to treat or prevent a genetic or acquired disease or 
condition. The genetic material of interest encodes a product (e.g., a protein polypeptide, 
peptide or functional RNA) whose production in vivo is desired. For example, the genetic 
material of interest can encode a hormone, receptor, enzyme or (poly) peptide of therapeutic 
value. Examples of genetic material of interest include DNA encoding: the cystic fibrosis 
transmembrane regulator (CFTR), Factor VIII, low density lipoprotein receptor, beta- 
galactosidase, alpha-galactosidase, beta-glucocerebrosidase, insulin, parathyroid hormone, 
and alpha- 1 -antitrypsin. 

Although the potential for gene therapy to treat genetic diseases has been appreciated 
for many years, it is only recently that such approaches have become practical with the 
treatment of two patients with adenosine deamidase deficiency. The protocol consists of 
removing lymphocytes from the patients, stimulating them to grow in tissue culture, infecting 
them with an appropriately engineered retrovirus followed by reintroduction of the cells into 
the patient (Kantoff, P. et al. (1987) J, Exp, Med 166:219). Initial results of treatment are 
very encouraging. With the approval of a number of other human gene therapy protocols for 
limited clinical use, and with the demonstration of the feasibility of complementing the CF 
defect by gene transfer, gene therapy for CF appears a very viable option. 

The concept of gene replacement therapy for cystic fibrosis is very simple; a 
preparation of CFTR coding sequences in some suitable vector in a viral or other carrier 
delivered directly to the airways of CF patients. Since disease of the pulmonary airways is 
the major cause of morbidity and is responsible for 95% of mortality, airway epithelial cells 
are preferred target cells for CF gene therapy. The first generation of CF gene therapy is 
likely to be transient and to require repeated delivery to the airways. Eventually, however, . 
gene therapy may offer a cure for CF when the identity of the precursor or stem cell to air 
epithelial cells becomes known. If DNA were incorporated into airway stem cells, all 
subsequent generations of such cells would make authentic CFTR from the integrated 
sequences and would correct the physiological defect almost irrespective of the biochemical 
basis of the action of CFTR. 
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Although simple in concept, scientific and clinical problems face approaches to gene 
therapy, not least of these being that CF requires an in vivo approach while all gene therapy 
treatments in humans to date have involved ex vivo treatment of cells taken from the patient 
followed by reintroduction. 
5 One major obstacle to be overcome before gene therapy becomes a viable treatment 

approach for CF is the development of appropriate vectors to infect tissue manifesting the 
disease and deliver the therapeutic CFTR gene. Since viruses have evolved very efficient 
means to introduce their nucleic acid into cells, many approaches to gene therapy make use of 
engineered defective viruses. However, the use of viruses in vivo raises safety concerns. 
1 0 Although potentially safer, the use of simple DNA plasmid constructs containing minimal 
additional DNA, on the other hand, is often very inefficient and can result in transient protein 
expression. 

The integration of introduced DNA into the host chromosome has advantages in that 
such DNA will be passed to daughter cells. In some circumstances, integrated DNA may 

1 5 also lead to high or more sustained expression. However, integration often, perhaps always, 
requires cellular DNA replication in order to occur. This is certainly the case with the present 
generation of retroviruses. This limits the use of such viruses to circumstances where cell 
division occurs in a high proportion of cells. For cells cultured in vitro, this is seldom a 
problem, however, the cells of the airway are reported to divide only infrequently 

20 (Kawanami, O. et al. (1979) An, Rev. Respir. Dis. 120:595). The use of retroviruses in CF 
will probably require damaging the airways (by agents such as SO2 or O3) to induce cell 
division. This may prove impracticable in CF patients. 

Even if efficient DNA integration could be achieved using viruses, the human genome 
contains elements involved in the regulation of cellular growth only a small fraction of which 

25 are presently identified. By integrating adjacent to an element such as a proto-oncogene or an 
anti-oncogene, activation or inactivation of that element could occur leading to uncontrolled 
growth of the altered cell. It is considered likely that several such activation/inactivation 
steps are usually required in any one cell to induce uncontrolled proliferation (R.A. Weinberg 
(1989) Cancer Research 49:3713 ), which may reduce somewhat the potential risk. On the 
• 30 other hand, insertional mutagenesis leading to tumor formation is certainly known in animals 
with some nondefective retroviruses (R.A. Weinberg, supra; Payne, G.S. et al. (1982) Nature 
295:209), and the large numbers of potential integrations occurring during the lifetime of a 
patient treated repeatedly in vivo with retroviruses must raise concerns on the safety of such a 
procedure. 

35 In addition to the potential problems associated with viral DNA integration, a number 

of additional safety issues arise. Many patients may have preexisting antibodies to some of 
the viruses that are candidates for vectors, for example, adenoviruses. In addition, repeated 
use of such vectors might induce an immune response. The use of defective viral vectors 
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may alleviate this problem somewhat, because the vec ors will not lead to productive viral 
life cycles generating infected cells, cell lysis or large numbers of progeny viruses. 

Other issues associated with the use of viruses are the possibility of recombination 
with related viruses naturally infecting the treated patient, complementation of the viral 
5 defects by simultaneous expression of wild type virus proteins and containment of aerosols of 
the engineered viruses. 

Gene therapy approaches to CF will face many of the same clinical challenges at 
protein therapy. These include the inaccessibility of airway epithelium caused by mucus 
build-up and the hostile nature of the environment in CF airways which may inactivate 
1 0 viruses/vectors. Elements of the vector carriers may be immunogenic and introduction of the 
DNA may be inefficient. These problems, as with protein therapy, are exacerbated by the 
absence of a good animal model for the disease nor a simple clinical end point to measure the 
efficacy of treatment. 

15 CF Gene Therapy Vector s - Possible Options 

Retroviruses - Although defective retroviruses are the best characterized system and 
so far the only one approved for use in human gene therapy (Miller, A.D. (1990) Blood 
76:271), the major issue in relation to CF is the requirement for dividing cells to achieve 
20 DNA integration and gene expression. Were conditions found to induce airway cell division, 
the in vivo application of retroviruses, especially if repeated over many years, would 
necessitate assessment of the safety aspects of insertional mutagenesis in this context. 

Adeno-Associated Virus - (AAV) is a naturally occurring defective virus that requires 
25 other viruses such as adenoviruses or herpes viruses as helper viruses(Mu2yczka, N. (1992) in 
Current Topics in Microbiology and Immunology 1 58:97). It is also one of the few viruses 
that may integrate its DNA into non-dividing cells, although this is not yet certain. Vectors 
containing as little as 300 base pairs of AAV can be packaged and can integrate, but space for 
exogenous DNA is limited to about 4.5 kb. CFTR DNA may be towards the upper limit of 
30 packaging. Furthermore, the packaging process itself is presently inefficient and safety issues 
such as immunogenecity, complementation and containment will also apply to AAV. 
Nevertheless, this system is sufficiently promising to warrant further study. 

Plasmid DNA - Naked plasmid can be introduced into muscle cells by injection into 
35 the tissue. Expression can extend over many months but the number of positive cells is low 
(Wolff, J. et al. (1989) Science 247:1465). Cationic lipids aid introduction of DNA into some 
cells in culture (Feigner, P. and Ringold, G.M. (1989) Nature 337:387). Injection of cationic 
lipid plasmid DNA complexes into the circulation of mice has been shown to result in 
expression of the DNA in lung (Brigham, K. et al. (1989) Am. J. Med Set 298:278). 
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Instillation of cationic lipid plasmid DNA into lung also leads to expression in epithelial cells 
but the efficiency of expression is relatively low and transient (Hazinski, T.A. et al. (1991) 
Am. J. Respir., Cell Mol Biol 4:206). One advantage of the use of plasmid DNA is that it 
can be introduced into non-replicating cells. However, the use of plasmid DNA in the CF 
5 airway environment, which already contains high concentrations of endogenous DNA may be 
problematic. 

Receptor Mediated Entry - In an effort to improve the efficiency of plasmid DNA 
uptake, attempts have been made to utilize receptor-mediated endocytosis as an entry 

10 mechanisms and to protect DNA in complexes with polylysine (Wu, G. and Wu, C.H. (1988) 
J. Biol. Chem. 263:14621). One potential problem with this approach is that the incoming 
plasmid DNA enters the pathway leading from endosome to lysosome, where much incoming 
material is degraded. One solution to this problem is the use of transferrin DNA-polylysine 
complexes linked to adenovirus capsids (Curiel, D.T. et al. (1991) Proc. Natl Acad ScL USA 

15 88:8850). The latter enter efficiently but have the added advantage of naturally disrupting the 
endosome thereby avoiding shuttling to the lysosome. This approach has promise but at 
present is relatively transient and suffers from the same potential problems of 
immunogenicity as other adenovirus based methods. 

20 Adenovirus - Defective adenoviruses at present appear to be a promising approach to 

CF gene therapy (Berkner, K.L. (1988) BioTechnigues 6:616). Adenovirus can be 
manipulated such that it encodes and expresses the desired gene product, (e.g., CFTR), and at 
the same time is inactivated in terms of its ability to replicate in a normal lytic viral life cycle. 
In addition, adenovirus has a natural tropism for airway epithelia. The viruses are able to 

25 infect quiescent cells as are found in the airways, offering a major advantage over 

retroviruses. Adenovirus expression is achieved without integration of the viral DNA into the 
host cell chromosome, thereby alleviating concerns about insertional mutagenesis. 
Furthermore, adenoviruses have been used as live enteric vaccines for many years with an 
excellent safety profile (Schwartz, A.R. et al. (1974) Am. Rev. Respir. Dis. 109:233-238). 

30 Finally, adenovirus mediated gene transfer has been demonstrated in a number of instances 
including transfer of alpha- 1 -antitrypsin and CFTR to the lungs of cotton rats (Rosenfeld, 
M.A. et al. (1991) Science 252:431-434; Rosenfeld et al., (1992) Cell 68:143-155). 
Furthermore, extensive studies to attempt to establish adenovirus as a causative agent in 
human cancer were uniformly negative (Green, M. et al. (1979) Proc. Natl Acad. ScL USA 

35 76:6606). 

The following properties would be desirable in the design of an adenovirus vector to 
transfer the gene for CFTR to the airway cells of a CF patient. The vector should allow 
sufficient expression of the CFTR, while producing minimal viral gene expression. There 
should be minimal viral DNA replication and ideally no virus replication. Finally, 
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recombination to produce new viral sequences and complementation to allow growth of the 
defective virus in the patient should be minimized. A first generation adenovirus vector 
encoding CFTR (Ad2/CFTR), made as described in the following Example 7, achieves most 
of these goals and was used in the human trials described in Example 10. 
5 Figure 14 shows a map of Ad2/CFTR-1 . As can be seen from the figure, this first 

generation virus includes viral DNA derived from the common relatively benign adenovirus 2 
serotype. The Ela and Elb regions of the viral genome, which are involved in early stages of 
viral replication have been deleted. Their removal impairs viral gene expression and viral 
replication. The protein products of these genes also have immortalizing and transforming 

10 function in some non-permissive cells. 

The CFTR coding sequence is inserted into the viral genome in place of the Ela/Elb 
region and transcription of the CFTR sequence is driven by the endogenous Ela promoter. 
This is a moderately strong promoter that is functional in a variety of cells. In contrast to 
some adenovirus vectors (Rosenfeld, M. et al. (1992) Cell 68:143), this adenovirus retains 

15 the E3 viral coding region. As a consequence of the inclusion of E3, the length of the 

adenovirus-CFTR DNA is greater than that of the wild-type adenovirus. The greater length 
of the recombinant viral DNA renders it more difficult to package. This means that the 
growth of the Ad2/CFTR virus is impaired even in permissive cells that provide the missing 
Ela and Elb functions. 

20 The E3 region of the Ad2/CFTR-1 encodes a variety of proteins. One of these 

proteins, gpl9, is believed to interact with and prevent presentation of class 1 proteins of the 
major histocompatability complex (MHC) (Gooding, C.R. and Wold, W.S.M. (1990) Crit. 
Rev. Immunol. 10:53). This property prevents recognition of the infected cells and thus may 
allow viral latency. The presence of E3 sequences, therefore, has two useful attributes; first, 

25 the large size of the viral DNA renders it doubly defective for replication (i.e., it lacks early 
functions and is packaged poorly) and second, the absence of MHC presentation could be 
useful in later applications of Ad2/CFTR-1 in gene therapy involving multiple 
administrations because it may avoid an immune response to recombinant virus containing 
cells. 

30 Not only are there advantages associated with the presence of E3 ; there may be 

disadvantages associated with its absence. Studies of E3 deleted virus in animals have 
suggested that they result in a more severe pathology (Gingsberg, H.S. et al. (1989) Proc. 
Natl Acad Set (USA) 86:3823). Furthermore, E3 deleted virus, such as might be obtained 
by recombination of an El plus E3 deleted virus with wild-type virus, is reported to outgrow 

35 wild-type in tissue culture (Barkner, K.L. and Sharp, P. (1 983) Nucleic Acids Research 
1 1 :6003). By contrast, however, a recent report of an E3 replacement vector encoding 
hepatitis B surface antigen, suggests that when delivered as a live enteric vaccine, such a 
virus replicates poorly in human compared to wild-type. 
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The adenovirus vector (Ad2/CFTR-1) and a related virus encoding the marker 0- 
galactosidase (Ad2/p-gal) have been constructed and grown in human 293 cells. These cells 
contain the El region of adenovirus and constitutively express Ela and Elb, which 
complement the defective adenoviruses by providing the products of the genes deleted from 
5 the vector. Because the size of its genome is greater than that of wild-type virus, Ad2/CFTR 
is relatively difficult to produce. 

The Ad2/CFTR-1 virus has been shown to encode CFTR by demonstrating the 
presence of the protein in 293 cells. The Ad2/p-gal virus was shown to produce its protein in 
a variety of cell lines grown in tissue culture including a monkey bronchiolar cell line 
1 0 (4MBR-5), primary hamster tracheal epithelial cells, human HeLa, human CF P AC cells (see 
Example 8) and airway epithelial cells from CF patients (Rich, O. et al. (1990) Nature 
347:358). 

Ad2/CFTR-1 is constructed from adenovirus 2 (Ad2) DNA sequences. Other 
varieties of adenovirus (e.g., Ad3, Ad5, and Ad7) may also prove useful as gene therapy 
1 5 vectors. This may prove essential if immune response against a single serotype reduces the 
effectiveness of the therapy. 

Second Generation Adenoviral Vectors 

Adenoviral vectors currently in use retain most (> 80%) of the parental viral genetic 
20 material leaving their safety untested and in doubt. Second-generation vector systems 
containing minimal adenoviral regulatory, packaging and replication sequences have 
therefore been developed. 

Pseudo-Adenovirus Vectors fPAVV PAVs contain adenovirus inverted terminal 
25 repeats and the minimal adenovirus 5 f sequences required for helper virus dependent 

replication and packaging of the vector. These vectors contain no potentially harmful viral 
genes, have a theoretical capacity for foreign material of nearly 36 kb, may be produced in 
reasonably high titers and maintain the tropism of the parent virus for dividing and non- 
dividing human target cell types. 
30 The PAV vector can be maintained as either a plasmid-borne construct or as an 

infectious viral particle. As a plasmid construct, PAV is composed of the minimal sequences 
from wild type adenovirus type 2 necessary for efficient replication and packaging of these 
sequences and any desired additional exogenous genetic material, by either a wild-type or 
defective helper virus. 

35 Specifically, PAV contains adenovirus 2 (Ad2) sequences as shown in Figure 1 7, 

from nucleotide (nt) 0-356 forming the 5' end of the vector and the last 109 nt of Ad2 
forming the 3' end of the construct. The sequences includes the Ad2 flanking inverted 
terminal repeats (5'ITR) and the 5' ITR adjoining sequences containing the known packaging 
signal and Ela enhancer. Various convenient restriction sites have been incorporated into the 
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fragments, allowing the insertion of promoter/gene cassettes which can be packaged in the 
PAV virion and used for gene transfer (e.g. for gene therapy). The construction and 
propagation of PAV is described in detail in the following Example 1 1 . By not containing 
most native adenoviral DNA, the PAVs described herein are less likely to produce a patient 
5 immune reponse or to replicate in a host. 

In addition, the PAV vectors can accomodate foreign DNA up to a maximum length 
of nearly 36 kb. The PAV vectors therefore, are especially useful for cloning larger genes 
(e.g., CFTR (7.5 kb)); Factor VIII (8 kb); Factor IX (9 kb)), which, traditional vectors have 
difficulty accomodating. In addition, PAV vectors can be used to transfer more than one 
10 gene, or more than one copy of a particular gene. For example, for gene therapy of cystic 
fibrosis, PAVs can be used to deliver CFTR in conjunction with other genes such as anti 
proteases (e.g., antiprotease alpha- 1 -antitrypsin) tissue inhibitor of metaloproteinase, 
antioxidants (e.g., superoxide dismutase), enhancers of local host defense (e.g., interferons), 
mucolytics (e.g., DNase); and proteins which block inflammatory cytokines. 

15 

Ad2-E4/QRF6 Adenovirus Vectors 

An adenoviral construct expressing only the open reading frame 6 (ORF6) of 
adenoviral early region 4 (E4) from the E4 promoter and which is deleted for all other known 
E4 open reading frames was constructed as described in detail in Example 12. Expression of 

20 E4 open reading frame 3 is also sufficient to provide E4 functions required for DNA 

replication and late protein synthesis. However, it provides these functions with reduced 
efficiency compared to expression of ORF6, which will likely result in lower levels of virus 
production. Therefore expressing ORF6, rather than ORF3, appears to be a better choice for 
producing recombinant adenovirus vectors. 

25 The E4 region of adenovirus is suspected to have a role in viral DNA replication, late 

mRNA synthesis and host protein synthesis shut off, as well as in viral assembly (Falgout, B. 
and G. Ketner (1987) J. Virol 61:3759-3768). Adenovirus early region 4 is required for 
efficient virus particle assembly. Adenovirus early region 4 encodes functions required for 
efficient DNA replication, late gene expression, and host cell shutoff. Halbert, D.N. et al. 

30 (1985) J. Virol 56:250-257. 

The deletion of non-essential open reading frames of E4 increases the cloning 
capacity of recombinant adenovirus vectors by approximately 2 kb of insert DNA without 
significantly reducing the viability of the virus in cell culture. When placed in combination 
with deletions in the El and/or E3 regions of adenovirus vectors, the theoretical insert 

35 capacity of the resultant vectors is increased to 8-9 kb. An example of where this increased 
cloning capacity may prove useful is in the development of a gene therapy vector encoding 
CFTR, As described above, the first generation adenoviral vector approaches the maximum 
packaging capacity for viral DNA encapsidation. As a result, this virus grows poorly and 
may occassionaly give rise to defective progeny. Including an E4 deletion in the adenovirus 
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vector should alleviate these problems. In addition, it allows flexibility in the choice of 
promoters to drive CFTR expression from the virus. For example, strong promoters such as 
the adenovirus major late promoter, the cytomegalovirus immediate early promoter or a 
cellular promoter such as the CFTR promoter, which may be too large for first-generation 
5 adenovirus can be used to drive expression. 

In addition, by expressing only ORF6 of E4, these second generation adenoviral 
vectors may be safer for use in gene therapy. Although ORF6 expression is sufficient for 
viral DNA replication and late protein synthesis in immortalized cells, it has been suggested 
that ORF6/7 of E4 may also be required in non-dividing primary cells (Hemstrom, C. et al. 

10 (1991) J. Virol 65:1440-1449). The 19 kD protein produced from open reading frame 6 and 
7 (ORF6/7) complexes with and activates cellular transcription factor E2F, which is required 
for maximal activation of early region 2. Early region 2 encodes proteins required for viral 
DNA replication. Activated transcription factor E2F is present in proliferating cells and is 
involved in the expression of genes required for cell proliferation (e.g., DHFR, c-myc), 

1 5 whereas activated E2F is present in lower levels in non-proliferating cells. Therefore, the 
expression of only ORF6 of E4 should allow the virus to replicate normally in tissue culture 
cells (e.g., 293 cells), but the absence of ORF6/7 would prevent the potential activation of 
transcription factor E2F in non-dividing primary cellls and thereby reduce the potential for 
viral DNA replication. 

20 

Target Tissue 

Because 95% of CF patients die of lung disease, the lung is a preferred target for gene 
therapy. The hallmark abnormality of the disease is defective electrolyte transport by the 
epithelial cells that line the airways. Numerous investigators (reviewed in Quinton, F. (1990) 

25 FASEB J. 4:2709) have observed: a) a complete loss of cAMP-mediated transepithelial 
chloride secretion, and b) a two to three fold increase in the rate of Na+ absorption. cAMP- 
stimulated chloride secretion requires a chloride channel in the apical membrane (Welsh, M J. 
(1987) Physiol Rev, 67:1143-1184). The discovery that CFTR is a phosphorylation-regulated 
chloride channel and that the properties of the CFTR chloride channel are the same as those 

30 of the chloride channels in the apical membrane, indicate that CFTR itself mediates 

transepithelial chloride secretion. This conclusion was supported by studies localizing CFTR 
in lung tissue: CFTR is located in the apical membrane of airway epithelial cells (Denning, 
G.M. et al. (1992) 1 Cell Biol 1 18:551) and has been reported to be present in the 
submucosal glands (Taussig et al., (1973) J, Clin. Invest. 89:339). As a consequence of loss 

35 of CFTR function, there is a loss of cAMP-regulated transepithelial chloride secretion. At 
this time it is uncertain how dysfunction of CFTR produces an increase in the rate of Na+ 
absorption. However, it is thought that the defective chloride secretion and increased Na+ 
absorption lead to an alteration of the respiratory tract fluid and hence, to defective 
mucociliary clearance, a normal pulmonary defense mechanism. As a result, clearance of 
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inhaled material from the lung is impaired and repeated infections ensue. Although the 
presumed abnormalities in respiratory tract fluid and mucociliary clearance provide a 
plausible explanation for the disease, a precise understanding of the pathogenesis is still 
lacking. 

5 Correction of the genetic defect in the airway epithelial cells is likely to reverse the 

CF pulmonary phenotype. The identity of the specific cells in the airway epithelium that 
express CFTR cannot be accurately determined by immunocytochemical means, because of 
the low abundance of protein. However, functional studies suggest that the ciliated epithelial 
cells and perhaps nonciliated cells of the surface epithelium are among the main cell types 

1 0 involved in electrolyte transport. Thus, in practical terms, the present preferred target cell for 
gene therapy would appear to be the mature cells that line the pulmonary airways. These are 
not rapidly dividing cells; rather, most of them are nonproliferating and many may be 
terminally differentiated. The identification of the progenitor cells in the airway is uncertain. 
Although CFTR may also be present in submucosal glands (Trezise, A.E. and Buchwald, M. 

15 (1991) Nature 353:434; Englehardt, J.F. et al. (1992) J. Clin. Invest 90:2598-2607), there is 
no data as to its function at that site; furthermore, such glands appear to be relatively 
inaccessible. 

The airway epithelium provides two main advantages for gene therapy. First, access 
to the airway epithelium can be relatively noninvasive. This is a significant advantage in the 
20 development of delivery strategies and it will allow investigators to monitor the therapeutic 
response. Second, the epithelium forms a barrier between the airway lumen and the 
interstitium. Thus, application of the vector to the lumen will allow access to the target cell 
yet, at least to some extent, limit movement through the epithelial barrier to the interstitium 
and from there to the rest of the body. 

25 

Efficiency of Gene Delivery Required to Corre ct The Genetic Defect 

It is unlikely that any gene therapy protocol will correct 100% of the cells that 
normally express CFTR. However, several observations suggest that correction of a small 
percent of the involved cells or expression of a fraction of the normal amount of CFTR may 
30 be of therapeutic benefit, 

a. CF is an autosomal recessive disease and heterozygotes have no lung disease. 
Thus, 50% of wild-type CFTR would appear sufficient for normal function. 

35 b. This issue was tested in mixing experiments using CF cells and recombinant 

CF cells expressing wild-type CFTR (Johnson, L.G. et al. (1992) Nature Gen. 2:21). The 
data obtained showed that when an epithelium is reconstituted with as few as 6-10% of 
corrected cells, chloride secretion is comparable to that observed with an epithelium 
containing 100% corrected cells. Although CFTR expression in the recombinant cells is 
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probably higher than in normal cells, this result suggests that in vivo correction of all CF 
airway cells may not be required. 

c. Recent observations show that CFTR containing some CF-associated 
5 mutations retains residual chloride channel activity (Sheppard, D.N. et al. (1992) Pediatr. 
Pulmon SuppL 8:250; Strong, T.V. et al. (1991) N. Eng. X Med 325:1630). These mutations 
are associated with mild lung disease. Thus, even a very low level of CFTR activity may at 
least partly ameliorate the electrolyte transport abnormalities. 

10 d. As indicated in experiments described below in Example 8, complementation 

of CF epithelia, under conditions that probably would not cause expression of CFTR in every 
cell, restored cAMP stimulated chloride secretion. 

e. Levels of CFTR in normal human airway epithelia are very low and are barely 
1 5 detectable. It has not been detected using routine biochemical techniques such as 

immunoprecipitation or immunoblotting and has been exceedingly difficult to detect with 
immunocytochemical techniques (Denning, G.M. et al. (1992) 1 Cell Biol 1 18:551), 
Although CFTR has been detected in some cases using laser-scanning confocal microscopy, 
the signal is at the limits of detection and cannot be detected above background in every case. 
20 Despite that minimal levels of CFTR, this small amount is sufficient to generate substantial 
cAMP-stimulated chloride secretion. The reason that a very small number of CFTR chloride 
channels can support a large chloride secretory rate is that a large number of ions can pass 
through a single channel (10 6 -10 7 ions/sec) (Hille, B. (1984) Sinauer Assoc. Inc., 
Sunderland, MA 420-426). 

25 

f. Previous studies using quantitative PCR have reported that the airway 
epithelial cells contain at most one to two transcripts per cell (Trapnell, B.C. et al. (1991) 
Proc. Natl Acad Sci. USA 88:6565). 

30 Gene therapy for CF would appear to have a wide therapeutic index. Just as partial 

expression may be of therapeutic value, overexpression of wild-type CFTR appears unlikely 
to cause significant problems. This conclusion is based on both theoretical considerations 
and experimental results. Because CFTR is a regulated channel, and because it has a specific 
function in epithelia, it is unlikely that overexpression of CFTR will lead to uncontrolled 

35 chloride secretion. First, secretion would require activation of CFTR by cAMP-dependent 
phosphorylation. Activation of this kinase is a highly regulated process. Second, even if 
CFTR chloride channels open in the apical membrane, secretion will not ensue without 
regulation of the basolateral membrane transporters that are required for chloride to enter the 
cell from the interstitial space. At the basolateral membrane, the sodium-potassium-chloride 



-21 - 

cotransporter and potassium channels serve as important regulators of transeptihelial 
secretion (Welsh, M.J. {\9%1) Physiol Rev. 67:1143-1184). 

Human CFTR has been expressed in transgenic mice under the control of the 
surfactant protein C(SPC) gene promoter (Whitesett, J.A. et al. (1992) Nature Gen. 2:13) and 
5 the casein promoter (Ditullio, P. et al (1992) Bio/Technology 10:74 ). In those mice, CFTR 
was overexpressed in bronchiolar and alveolar epithelial cells and in the mammary glands, 
respectively. Yet despite the massive overexpression in the transgenic animals, there were no 
observable morphologic or functional abnormalities. In addition, expression of CFTR in the 
lungs of cotton rats produced no reported abnormalities (Rosenfeld, M.A. et al. (1992) Cell 
10 68:143-155). 

The present invention is further illustrated by the following examples which in no 
way should be construed as being further limiting. The contents of all cited references 
(including literature references, issued patents, published patent applications, and co-pending 
patent applications) cited throughout this application are hereby expressly incorporated by 
15 reference. 

EXAMPLES 

Example 1 - Generation of Full Length CFTR cDNAs 

20 Nearly all of the commonly used DNA cloning vectors are based on plasmids 

containing modified pMBl replication origins and are present at up to 500 to 700 copies per 
cell (Sambrook et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor 
Laboratory Press 1 989). The partial CFTR cDNA clones isolated by Riordan et al. were 
maintained in such a plasmid. It was postulated that an alternative theory to intrinsic clone 

25 instability to explain the apparent inability to recover clones encoding full length CFTR 
protein using high copy number plasmids, was that it was not possible to clone large 
segments of the CFTR cDNA at high gene dosage in E. colu Expression of the CFTR or 
portions of the CFTR from regulatory sequences capable of directing transcription and/or 
translation in the bacterial host cell might result in inviability of the host cell due to toxicity 

30 of the transcript or of the full length CFTR protein or fragments thereof. This inadvertent 
gene expression could occur from either plasmid regulatory sequences or cryptic regulatory 
sequences within the recombinant CFTR plasmid which are capable of functioning in E. coli. 
Toxic expression of the CFTR coding sequences would be greatly compounded if a large 
number of copies of the CFTR cDNA were present in cells because a high copy number 

35 plasmid was used. If the product was indeed toxic as postulated, the growth of cells 

containing full length and correct sequence would be actively disfavored. Based upon this 
novel hypothesis, the following procedures were undertaken. With reference to Figure 2, 
partial CFTR clone Tl 6-4.5 was cleaved with restriction enzymes Sph 1 and Pst 1 and the 
resulting 3.9 kb restriction fragment containing exons 1 1 through most of exon 24 (including 
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an uncharacterized 1 19 bp insertion reported by Riordan et al. between nucleotides 1716 and 
1717), was isolated by agarose gel purification and ligated between the Sph 1 and Pst 1 sites 
of the pMBl based vector pkk223-3 (Brosius and Holy, (1984) Proc. Natl Acad. Set 
£1:6929). It was hoped that the pMB 1 origin contained within this plasmid would allow it 
5 and plasmids constructed from it to replicate at 1 5-20 copies per host E. coli cell (Sambrook 
et al. Molecular Cloning: A Laboratory Manual (Cold Spring Harbor Laboratory Press 
1 989). The resultant plasmid clone was called pkk-4.5. 

Partial CFTR clone Tl 1 was cleaved with E£Q Rl and HintJI and the 1 .9 kb band 
encoding the first 1786 nucleotides of the CFTR cDNA plus an additional 100 bp of DNA at 

10 the 5 r end was isolated by agarose gel purification. This restriction fragment was inserted 
between the Eco Rl site and Sma 1 restriction site of the plamid Bluescript Sk- (Stratagene, 
catalogue number 212206), such that the CFTR sequences were now flanked on the upstream 
(5') side by a Sal 1 site from the cloning vector. This clone, designated Tl 1-R, was cleaved 
with Sal 1 and Sph 1 and the resultant 1 .8 kb band isolated by agarose gel purification. 

1 5 Plasmid pkk-4.5 was cleaved with Sal 1 and Sph 1 and the large fragment was isolated by 
agarose gel purification. The purified Tl 1-R fragment and pkk-4.5 fragments were ligated to 
construct pkk-CFTRl . pkk-CFTRl contains exons 1 through 24 of the CFTR cDNA. It was 
discovered that this plasmid is stably maintained in E. coli cells and confers no measureably 
disadvantageous growth characteristics upon host cells. 

20 pkk-CFTRl contains, between nucleotides 1716 and 1717, the 1 19 bp insert DNA 

derived from partial cDNA clone Tl 6-4.5 described above. In addition, subsequent sequence 
analysis of pkk-CFTRl revealed unreported differences in the coding sequence between that 
portion of CFTR1 derived from partial cDNA clone Tl 1 and the published CFTR cDNA 
sequence. These undesired differences included a 1 base-pair deletion at position 995 and a 

25 C to T transition at position 1507. 

To complete construction of an intact correct CFTR coding sequence without 
mutations or insertions and with reference to the construction scheme shown in Figure 3, 
pkk-CFTRl was cleaved with Xba I and Hpa I, and dephosphorylated with calf intestinal 
alkaline phosphatase. In addition, to reduce the likelihood of recovering the original clone, 
, 30 the small unwanted Xba I /Hpa I restriction fragment from pKK-CFTRl was digested with 

Sph I . Tl 6- 1 was cleaved with Xba I and Aec I and the 1 . 1 5 kb fragment isolated by agarose 
gel purification. Tl 6-4.5 was cleaved with Acc I and Hpa I and the 0.65 kb band was also 
isolated by agarose gel purification. The two agarose gel purified restriction fragments and 
the dephosphorylated pKK-CFTRl were ligated to produce pKK-CFTR2. Alternatively, 

35 pKK-CFTR2 could have been constructed using corresponding restriction fragments from the 
partial CFTR cDNA clone CI -1/5. pKK-CFTR2 contains the uninterrupted CFTR protein 
coding sequence and conferred slow growth upon E. coli host cells in which it was inserted, 
whereas pKK-CFTRl did not. The origin of replication of pKK-CFTR2 is derived from 
pMBl and confers a plasmid copy number of 15-20 copies per host cell. 
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Example 2 - Improving Host Cell Viability 

An additional enhancement of host cell viability was accomplished by a further 
reduction in the copy number of CFTR cDNA per host cell. This was achieved by 
5 transferring the CFTR cDNA into the plasmid vector, pSC-3Z. pSC-3Z was constructed 
using the pSClOl replication origin of the low copy number plasmid pLG338 (Stoker et al . T 
Gene Jj£, 335 (1982)) and the ampicillin resistance gene and polylinker of pGEM-3Z 
(available from Promega). pLG338 was cleaved with Sph 1 and Eyu II and the 2.8 kb 
fragment containing the replication origin isolated by agarose gel purification. pGEM-3Z 

10 was cleaved with Alw HI, the resultant restriction fragment ends treated with T4 DNA 
polymerase and deoxynucleotide triphosphates, cleaved with Sph I and the 1 .9 kb band 
containing the ampicillin resistance gene and the polylinker was isolated by agarose gel 
purification. The pLG338 and pGEM-3Z fragments were ligated together to produce the low 
copy number cloning vector pSC-3Z. pSC-3Z and other plasmids containing pSC 1 0 1 origins 

1 5 of replication are maintained at approximately five copies per cell (Sambrook et aL supra). 
With additional reference to Figure 4, pKK-CFTR2 was cleaved with Esq RY, Est I 
and Sal I and then passed over a Sephacryl S400 spun column (available from Pharmacia) 
according to the manufacturer's procedure in order to remove the Sal I to Eco RV restriction 
fragment which was retained within the column, pSC-3Z was digested with Sma I and Est I 

20 and also passed over a Sephacryl S400 spun column to remove the small Sma I/Est I 

restriction fragment which was retained within the column. The column eluted fractions from 
the pKK-CFTR2 digest and the pSC-3Z digest were mixed and ligated to produce pSC- 
CFTR2. A map of this plasmid is presented in Figure 5. Host cells containing CFTR cDN As 
at this and similar gene dosages grow well and have stably maintained the recombinant 

25 plasmid with the full length CFTR coding sequence. In addition, this plasmid contains a 
bacteriophage T7 RNA polymerase promoter adjacent to the CFTR coding sequence and is 
therefore convenient for in vitro transcription/translation of the CFTR protein. The 
nucleotide sequence of CFTR coding region from pSC-CFTR2 plasmid is presented in 
Sequence Listing 1 as SEQ ID NO: 1 . Significantly, this sequence differs from the previously 

30 published (Riordan, J.R. et al. (1989) Science 245:1066-1073) CFTR sequence at position 
1990, where there is C in place of the reported A. See Gregory, RJ. et al. (1990) Nature 
347:382-386. E. coli host cells containing pSC-CFTR2, internally identified with the number 
pSC-CFTR2/AGl, have been deposited at the American Type Culture Collection and given 
the accession number: ATCC 68244. 

35 

Example 3 - Alternate Method for Improving Host Cell Viability 

A second method for enhancing host cell viability comprises disruption of the CFTR 
protein coding sequence. For this purpose, a synthetic intron was designed for insertion 
between nucleotides 1716 and 1717 of the CFTR cDNA. This intron is especially 
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advantageous because of its easily manageable size. Furthermore, it is designed to be 
efficiently spliced from CFTR primary RNA transcripts when expressed in eukaryotic cells. 
Four synthetic oligonucleotides were synthesized (1 195RG, 1 196RG, 1 197RG and 1 198RG) 
collectively extending from the Sph I cleavage site at position 1 700 to the Hioe II cleavage 
5 site at position 1785 and including the additional 83 nucleotides between 1716 and 1717 (see 
Figure 6). These oligonucleotides were phosphorylated with T4 polynucleotide kinase as 
described by Sambrook et al., mixed together, heated to 95°C for 5 minutes in the same 
buffer used during phosphorylation, and allowed to cool to room temperature over several 
hours to allow annealing of the single stranded oligonucleotides. To insert the synthetic 

10 intron into the CFTR coding sequence and with reference to Figures 7A and 7B, a subclone 
of plasmid Tl 1 was made by cleaving the Sal I site in the polylinker, repairing the recessed 
ends of the cleaved DNA with deoxynucleotide triphosphates and the large fragment of DNA 
Polymerase I and religating the DNA. This plasmid was then digested with Ecq EY and Nm 
I and religated. The resulting plasmid T16-A5 1 extended from the Bm I site at position 490 of 

15 the CFTR cDNA to the 3' end of clone Tl 6 and contained single sites for 3ph 1 and Hinc II at 
positions corresponding to nucleotides 1700 and 1785 of the CFTR cDNA. T16-A5* plasmid 
was cleaved with Sph I and Hinc II and the large fragment was isolated by agarose gel 
purification. The annealed synthetic oligonucleotides were ligated into this vector fragment 
to generate T16-intron. 

20 Tl 6-intron was then digested with EfiQ EI and Sma I and the large fragment was 

isolated by agarose gel purification. T16-4.5 was digested with Ecq EI and Sea I and the 790 
bp fragment was also isolated by agarose gel purification. The purified Tl 6-intron and T16- 
4.5 fragments were ligated to produce T16-intron-2. T16-intron-2 contains CFTR cDNA 
sequences extending from the Nru 1 site at position 490 to the Sea I site at position 2818, and 

25 includes the unique Hpa I site at position 2463 which is not present in T16-1 or T16-intron-L 
T-l 6-intron-2 was then cleaved with Xha I and Hpa I and the 1 800 bp fragment was 
isolated by agarose gel purification. pKK-CFTRl was digested with Xfca I and Hpa I and the 
large fragment was also isolated by agarose gel purification and ligated with the fragment 
derived from T16-intron-2 to yield pKK-CFTR3, shown in Figure 8. The CFTR cDNA 

30 within pKK-CFTR3 is identical to that within pSC-CFTR2 and pKK-CFTR2 except for the 
insertion of the 83 bp intron between nucleotides 1716 and 1717. The insertion of this intron 
resulted in improved growth characteristics for cells harboring pKK-CFTR3 relative to cells 
containing the unmodified CFTR cDNA in pKK-CFTR2. 

35 Example 4 - In vitro Tran scription/Translation 

In addition to sequence analysis, the integrity of the CFTR cDNA open reading frame 
was verified by in vitro transcription/translation. This method also provided the initial CFTR 
protein for identification purposes. 5 micrograms of pSC-CFTR2 plasmid DNA were 
linearized with Sal I and used to direct the synthesis of CFTR RNA transcripts with T7 RNA 
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polymerase as described by the supplier (Stratagene). This transcript was extracted with 
phenol and chloroform and precipitated with ethanol. The transcript was resuspended in 25 
microliters of water and varying amounts were added to a reticulocyte lysate in vitro 
translation system (Promega). The reactions were performed as described by the supplier in 
5 the presence of canine pancreatic microsomal membranes (Promega), using ^-methionine 
to label newly synthesized proteins. In vitro translation products were analysed by 
discontinuous polyacrylamide gel electrophoresis in the presence of 0.1% SDS with 8% 
separating gels (Laemmii, U.K. (1970) Nature 227:680-685). Before electrophoresis, the in 
vitro translation reactions were denatured with 3% SDS, 8 M urea and 5% 2-mercaptoethanol 
10 in 0.65 M Tris-HCl, pH 6.8. Following electrophoresis, the gels were fixed in 

methanol:acetic acid: water (30:10:60), rinsed with water and impregnated with 1 M sodium 
salicylate. 35s labelled proteins were detected by fluorgraphy. A band of approximately 180 
kD was detected, consistent with translation of the full length CFTR insert. 

15 

Example 5 - Elimination of Cryptic Regulatory Signals 

Analysis of the DNA sequence of the CFTR has revealed the presence of a potential 
E. coli RNA polymerase promoter between nucleotides 748 and 778 which conforms well to 
the derived consensus sequence for E. coli promoters (Reznikoff and McClure, Maximizing 

20 Gene Expression, 1, Butterworth Publishers, Stoneham, MA). If this sequence functions as a 
promoter functions in E, coli, it could direct synthesis of potentially toxic partial CFTR 
polypeptides. Thus, an additional advantageous procedure for maintaining plasmids 
containing CFTR cDNAs in Ecoli would be to alter the sequence of this potential promoter 
such that it will not function in E. coli. This may be accomplished without altering the amino 

25 acid sequence encoded by the CFTR cDNA. Specifically, plasmids containing complete or 
partial CFTR cDNAs would be altered by site-directed mutagenesis using synthetic 
olignucleotides (Zoller and Smith, (1983) Methods EnzymoL 1QQ:468 ). More specifically, 
altering the nucleotide sequence at position 908 from a T to C and at position 774 from an A 
to a G effectively eliminates the activity of this promoter sequence without altering the amino 

30 acid coding potential of the CFTR open reading frame. Other potential regulatory signals 

within the CFTR cDNA for transcription and translation could also be advantageously altered 
and/or deleted by the same method. 

Futher analysis has identified a sequence extending from nucleotide 908 to 936 which 
functions efficiently as a transcriptional promoter element in E. coli (Gregory, R J. et ah 

35 (1 990) Nature 347:382-386). Mutation at position 936 is capable of inactivating this 
promoter and allowing the CFTR cDNA to be stably maintained as a plasmid in E. coli 
(Cheng, S.H. et al. (1990) Cell 63:827-834). Specifically position 936 has been altered from 
a C to a T residue without the amino acid sequence encoded by the cDNA being altered. 
Other mutations within this regulatory element described in Gregory, R.J. et al. (1990) 
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Nature 347:382-386 could also be used to inactivate the transcriptional promoter activity. 
Specifically, the sequence from 908 to 913 (TTGTGA) and from 931 to 936 (GAAAAT) 
could be altered by site directed mutagenesis without altering the amino acid sequence 
encoded by the cDNA. 

5 

Example 6 - Goring of CFTR m Alternate Host Systems 

Although the CFTR cDNA displays apparent toxicity in E coli cells, other types of 
host cells may not be affected in this way. Alternative host systems in which the entire 
CFTR cDNA protein encoding region may be maintained and/or expressed include other 
1 0 bacterial species and yeast. It is not possible a priori to predict which cells might be resistant 
and which might not Screening a number of different host/vector combinations is necessary 
to find a suitable host tolerant of expression of the full length protein or potentially toxic 
fragments thereof. 

15 

Example 7 - Generation of Adenovirus Vector Enco ding CFTR (Ad2/CFTR > > 
1 , DNA preparation - Construction of the recombinant Ad2/CFTR-1 virus (the sequence 
of which is shown in Table II and as SEQ ID NO:3) was accomplished as follows: The 
CFTR cDNA was excised from the plasmid pCMV-CFTR-936C using restriction enzymes 

20 Spel and EcII361 . pCMV-CFTR-936C consists of a minimal CFTR cDNA encompassing 
nucleotides 123-4622 of the published CFTR sequence cloned into the multiple cloning site 
of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR cDNA within this 
plasmid has been completely sequenced. The Spel /EcII361 restriction fragment contains 47 
bp of 5' sequence derived from synthetic linkers and the multiple cloning site of the vector. 

25 The CFTR cDNA (the sequence of which is shown as SEQ ID NO: 1 and the amino 

acid sequence encoded by the CFTR cDNA is shown as SEQ ID NO:2) was inserted between 
the Nhel and SnaBI restriction sites of the adenovirus gene transfer vector pBR-Ad2-7. pBR- 
Ad2-7 is a pBR322 based plasmid containing an approximately 7 kb insert derived from the 
5' 10680 bp of Ad2 inserted between the £M and BamHl sites of pBR322. From this Ad2 

30 fragment, the sequences corresponding to Ad2 nucleotides 546-3497 were deleted and 

replaced with a 1 2 bp multiple cloning site containing an Nhel site, an Mlul site, and a SnaBI 
site. The construct also contains the 5 ! inverted terminal repeat and viral packaging signals, 
the Ela enhancer and promoter, the Elb 3 f intron and the 3' untranslated region and 
polyadenylation sites. The resulting plasmid was called pBR-Ad2-7/CFTR. Its use to 

35 assemble virus is described below. 



2. Virus Prepa ra t j ™ 1 from DNA - To generate the recombinant Ad2/CFTR-1 adenovirus, 
the vector pBR-Ad2-7/CFTR was cleaved with BstBl at the site corresponding to the unique 
BstBl site at 10670 in Ad2. The cleaved plamid DNA was ligated to BstBl restricted Ad2 
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DNA. Following ligation, the reaction was used to transfect 293 cells by the calcium 
phosphate procedure. Approximately 7-8 days following transfection, a single plaque 
appeared and was used to reinfect a dish of 293 cells. Following development of cytopathic 
effect (CPE), the medium was removed and saved. Total DNA was prepared from the 
5 infected cells and analyzed by restriction analysis with multiple enzymes to verify the 
integrity of the construct. Viral supernatant was then used to infect 293 cells and upon 
development of CPE, expression of CFTR was assayed by the protein kinase A (PKA) 
immunoprecipitation assay (Gregory, R.J. et al. (1990) Nature 347:382 ). Following these 
verification procedures, the virus was further purified by two rounds of plaque purification. 
1 o Plaque purified virus was grown into a small seed stock by inoculation at low 

multiplicities of infection onto 293 cells grown in monolayers in 925 medium supplemented 
with 10% bovine calf serum. Material at this stage was designated a Research Viral Seed 
Stock (RVSS) and was used in all preliminary experiments. 

15 3. Vims Host Cell - Ad2/CFTR-1 is propagated in human 293 cells (ATCC CRL 1 573). 
These cells are a human embryonal kidney cell line which were immortalized with sheared 
fragments of human Ad5 DNA. The 293 cell line expresses adenovirus early region 1 gene 
products and in consequence, will support the growth of El deficient adenoviruses. By 
analogy with retroviruses, 293 cells could be considered a packaging cell line, but they differ 

20 from usual retrovirus lines in that they do not provide missing viral structural proteins, rather, 
they provide only some missing viral early functions. 

Production lots of virus are propagated in 293 cells derived from the Working Cell 
Bank (WCB). The WCB is in turn derived from the Master Cell Bank (MCB) which was 
grown up from a fresh vial of cells obtained from ATCC. Because 293 cells are of human 

25 origin, they are being tested extensively for the presence of biological agents. The MCB and 
WCB are being characterized for identity and the absence of adventitious agents by 
Microbiological Associates, Rockville, MD. 

4. Growth of Production T.ots of Virus 

30 Production lots of Ad2/CFTR-1 are produced by inoculation of approximately 5-10 x 

10 7 pfu of MVSS onto approximately 1-2 x 10 7 Web 293 cells grown in a T175 flask 
containing 25 mis of 925 medium. Inoculation is achieved by direct addition of the virus 
(approximately 2-5 mis) to each flask. Batches of 50-60 flasks constitute a lot. 

Following 40-48 hours incubation at 37°C, the cells are shaken loose from the flask 

35 and transferred with medium to a 250 ml centrifuge bottle and spun at 1 000 xg. The cell 
pellet is resuspended in 4 ml phosphate buffered saline containing 0.1 g/1 CaCl2 and 0.1 g/1 
MgCl2 and the cells subjected to cycles of freeze-thaw to release virus. Cellular debris is 
removed by centrifugation at 1000 xg for 15 mm. The supernatant from this centrifugation is 
layered on top of the CsCl step gradient: 2 ml 1.4g/ml CsCl and 3 ml 1.25g/ml CsCl in 10 
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mM Tris, 1 mM EDTA (TE) and spun for 1 hour at 35,000 rpm in a Beckman SW41 rotor. 
Virus is then removed from the interface between the two CsCl layers, mixed with 1 .35 g/ml 
CsCl in TE and then subjected to a 2.5 hour equilibrium centrifugation at 75,000 rpm in a 
TLN-100 rotor. Virus is removed by puncturing the side of the tube with a hypodermic 
5 needle and gently removing the banded virus. To reduce the CsCl concentration, the sample 
is dialyzed against 2 changes of 2 liters of phosphate buffered saline with 10% sucrose. 

Following this procedure, dialyzed virus is stable at 4°C for several weeks or can be 
stored for longer periods at -80°C Aliquots of material for human use will be tested and 
while awaiting the results of these tests, the remainder will be stored frozen. The tests to be 
1 0 performed are described below: 

5. Structure and Purity of Virus 

SDS polyacrylamide gel electrophoresis of purified virions reveals a number of 
polypeptides, many of which have been characterized. When preparations of virus were 
1 5 subjected to one or two additional rounds of CsCl centrifugation, the protein profile obtained 
was indistinguishable. This indicates that additional equilibrium centrifugation does not 
purify the virus further, and may suggest that even the less intense bands detected in the virus 
preparations represent minor virion components rather than contaminating proteins. The 
identity of the protein bands is presently being established by N-terminal sequence analysis. 

20 

6. Contaminating Materials - The material to be administered to patients will be 2 x 1 0 6 
pfu, 2 x 10 7 pfu and 5 x 10 7 pfu of purified Ad2/CFTR-L Assuming a minimum particle to 
pfu ratio of 500, this corresponds to 1 x 10 9 , 1 x 10 10 and 2.5 x 10 10 viral particles, these 
correspond to a dose by mass of 0.25 ^ig, 2.5|ig and 6.25 |ig assuming a moleuclar mass for 

25 adenovirus of 150 x 10 6 - 

The origin of the materials from which a production lot of the purified Ad2/CFTR-1 
is derived was described in detail above and is illustrated as a flow diagram in Figure 6. All 
the starting materials from which the purified virus is made (i.e., MCB, and WCB, and the 
MVSS) will be extensively tested. Further, the growth medium used will be tested and the 

30 serum will be from only approved suppliers who will provide test certificates. In this way, all 
the components used to generate a production lot will have been characterized. Following 
growth, the production lot virus will be purified by two rounds of CsCl centrifugation, 
dialyzed, and tested. A production lot should constitute 1-5 x 10 10 pfu Ad2/CFTR-1. 

As described above, to detect any contaminating material aliquots of the production 

35 lot will be analyzed by SDS gel electrophoresis and restriction enzyme mapping. However, 
these tests have limited sensitivity. Indeed, unlike the situation for purified single chain 
recombinant proteins, it is very difficult to quantitate the purity of the AD2/CFTR-1 using 
SDS polyacrylamide gel electrophoresis (or similar methods). An alternative is the 
immunological detection of contaminating proteins (IDCP). Such an assay utilizes antibodies 
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raised against the proteins purified in a mock purification run. Development of such an assay 
has not yet been attempted for the CsCl purification scheme for Ad2/CFTR-1 . However, 
initially an IDCP assay developed for the detection of contaminants in recombinant proteins 
produced in Chinese hamster ovary (CHO) cells will be used. In addition, to hamster 
5 proteins, these assays detect bovine serum albumin (BSA), transferrin and IgG heavy and 
light chain derived from the serum added to the growth medium. Tests using such reagents to 
examine research batches of Ad2/CFTR-1 by both ELISA and Western blots are in progress. 

Other proteins contaminating the virus preparation are likely to be from the 293 cells - 
that is, of human origin. Human proteins contaminating therapeutic agents derived from 

10 human sources are usually not problematic. In this case, however, we plan to test the 
production lot for transforming factors. Such factors could be activities of contaminating 
human proteins or of the Ad2/CFTR-1 vector or other contaminating agents. For the test, it is 
proposed that 10 dishes of Rat 1 cells containing 2 x 10 6 cells (the number of target cells in 
the patient) with 4 times the highest human dose of Ad2/CFTR-1 (2 x 10 8 pfii) will be 

1 5 infected. Following infection, the cells will be plated out in agar and examined for the 

appearance of transformed foci for 2 weeks. Wild type adenovirus will be used as a control. 

Nucleic acids and proteins would be expected to be separated from purified virus 
preparations upon equilibrium density centrifugation. Furthermore, the 293 cells are not 
expected to contain VL30 sequences. Biologically active nucleic cells should be detected. 

20 

Example 8 - Prelimin ary Experiments Testing the Ability of Ad2/BGal or Ad2/CFTR Virus 
to Enter Airway Epithelial Cells 

a. Hamster Studies 

25 Initial studies involving the intratracheal instillation of the Ad-pGal viral vector into 

Syrian hamsters, which are reported to be permissive for human adenovirus are being 
performed. The first study, a time course assessment of the pulmonary and systemic acute 
inflammatory response to a single intratracheal administration of Ad-pGal viral vector, has 
been completed. In this study, a total of 24 animals distributed among three treatment 

30 groups, specifically, 8 vehicle control, 8 low dose virus (1 x 10* * particles; 3 x 10** pfu), and 
8 high dose virus (1.7 x lO 1 ^ particles; 5 x 10^ pfu), were used. Within each treatment 
group, 2 animals were analyzed at each of four time points after viral vector instillation: 6 
hrs, 24 hrs, 48 hrs, and 7 days. At the time of sacrifice of each animal, lung lavage and blood 
samples were taken for analysis. The lungs were fixed and processed for normal light-level 

35 histology. Blood and lavage fluid were evaluated for total leukocyte count and leukocyte 
differential. As an additional measure of the inflammatory process, lavage fluid was also 
evaluated for total protein. Following embeddings, sectioning and hematoxylin/eosin 
staining, lung sections were evaluated for signs of inflammation and airway epithelial 
damage. 
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With the small sample size, the data from this preliminary study were not amenable to 
statistical analyses, however, some general trends could be ascertained. In the peripheral 
blood samples, total leukocyte counts showed no apparent dose- or time- dependent changes. 
In the blood leukocyte differential counts, there may have been a minor dose-related 
5 elevation in percent neutrophil at 6 hours; however, data from all other time points showed no 
elevation in neutrophil percentages. Taken together, these data suggest little or nor systemic 
inflammatory response to the viral administration. 

From the lung lavage, some elevation in total neutrophil counts were observed at the 
first three time points (6 hr, 24 hr, 48 hr). By seven days, both total and percent neutrophil 
1 0 values had returned to normal range. The trends in lung lavage protein levels were more 
difficult to assess due to inter-animal variability; however, no obvious dose- or time- 
dependent effects were apparent. First, no damage to airway epithelium was observed at any 
time point or virus dose level. Second, a time- and dose- dependent mild inflammatory 
response was observed, being maximal at 48 hr in the high virus dose animals. By seven 
1 5 days, the inflammatory response had completely resolved, such that the lungs from animals in 
all treatment groups were indistinguishable. 

In summary, a mild, transient, pulmonary inflammatory response appears to be 
associated with the intratracheal administration of the described doses of adenoviral vector in 
the Syrian Hamster. 

20 A second, single intratracheal dose, hamster study has been initiated. This study is 

designed to assess the possibility of the spread of ineffective viral vectors to organs outside of 
the lung and the antibody response of the animals to the adenoviral vector. In this study, the 
three treatment groups (vehicle control, low dose virus, high dose virus) each contained 12 
animals. Animals will be evaluated at three time points: 1 day, 7 days, and 1 month. In this 

25 study, viral vector persistence and possible spread will be evaluated by the assessment of the 
presence of infective virions in numerous organs including lung, gut, heart, liver, spleen, 
kidney, brain and gonads. Changes in adenoviral antibody titer will be measured in 
peripheral blood and lung lavage. Additionally, lung lavage, peripheral blood and lung 
histology will be evaluated as in the previous study. 

30 

b. Primate studies. 

Studies of recombinant adenovirus are also underway in primates. The goal of these 
studies is to assess the ability of recombinant adenoviral vectors to deliver genes to the 
respiratory epithelium in vivo and to assess the safety of the construct in primates. Initial 
35 studies in primates targeted nasal epithelia as the site of infection because of its similarity to 
lower airway epithelia, because of its accessibility, and because nasal epithelia was used for 
the first human studies. The Rhesus monkey (Macaca mulatto) has been chosen for studies, 
because it has a nasal epithelium similar to that of humans. 
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How expression of CFTR affects the electrolyte transport properties of the nasal 
epithelium can be studied in patients with cystic fibrosis. But because the primates have 
normal CFTR function, instead the ability to transfer a reporter gene was assessed. Therefore 
the Ad-pGal virus was used. The epithelial cell density in the nasal cavity of the Rhesus 
5 monkey is estimated to be 2 x 1 0 6 cells/cm (based on an average nasal epithelial cell 

diameter of 7 \im) and the surface near 25-50 cm 2 . Thus, there are about 5 x 10 7 cells in the 
nasal epithelium of Rhesus monkey. To focus especially on safety, the higher viral doses 
(20-200 MOI) were used in vivo. Thus doses in the range of 10 9 -10 10 pfu were used. 

In the first pilot study the right nostril of Monkey A was infected with Ad-p-Gal (-1 

10 ml). This viral preparation was purified by CsCl gradient centrifugation and then by gel 
filtration chromatography one week later. Adenoviruses are typically stable in CsCl at 4°C 
for one to two weeks. However, this viral preparation was found to be defective (i.e., it did 
not produce detectable p-galactosidase activity in the permissive 293 cells). Thus, it was 
concluded that there was no live viral activity in the material, p-galactosidase activity in 

1 5 nasal epithelial cells from Monkey A was also not detected. Therefore, in the next study, two 
different preparations of Ad-p-Gal virus: one that was purified on a CsCl gradient and then 
dialyzed against Tris-buffered saline to remove the CsCl, and a crude unpurified one was 
used. Titers of Ad-P-Gal viruses were -2 x 10 10 pfu/ml and > 1 x 10 13 pfu/ml, respectively, 
and both preparations produced detectable p-galactosidase activity in 293 cells. 

20 Monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). One 

week before administration of virus, the nasal mucosa of each monkey was brushed to 
establish baseline cell differentials and levels of p-galactosidase. Blood was drawn for 
baseline determination of cell differentials, blood chemistries, adenovirus antibody titers, and 
viral cultures. Each monkey was also examined for weight, temperature, appetite, and 

25 general health prior to infection. 

The entire epithelium of one nasal cavity was used in each monkey. A foley catheter 
(size 10) was inserted through each nasal cavity into the pharynx, inflated with 2-3 ml of air, 
and then pulled anteriorly to obtain tight posterior occlusion at the posterior choana. Both 
nasal cavities were then irrigated with a solution (-5 ml) of 5 mM dithiothreitol plus 0.2 U/ml 

30 neuraminidase in phosphate-buffered saline (PBS) for five minutes. This solution was used 
to dissolve any residual mucus overlaying the epithelia. (It was subsequently found that such 
treatment is not required.) The washing procedure also allowed the determination of whether 
the balloons were effectively isolating the nasal cavity. The virus (Ad-P-Gal) was then 
slowly instilled into the right nostril with the posterior balloon inflated. The viral solution 

35 remained in contact with the nasal mucosa for 30 minutes. At the end of 30 minutes, the 
remaining viral solution was removed by suction. The balloons were deflated, the catheters 
removed, and the monkey allowed to recover from anesthesia. Monkey A received the CsCl- 
purified virus (-1.5 ml) and Monkey B received the crude virus (-6 ml), (note that this was 
the second exposure of Monkey A to the recombinant adenovirus). 
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Both monkeys were followed daily for appearance of the nasal mucosa, conjunctivitis, 
appetite, activity, and stool consistency. Each monkey was subsequently anesthetized on 
days 1, 4, 7, 14, and 21 to obtain nasal, pharyngeal, and tracheal cell samples (either by 
swabs or brushes) as described below. Phlebotomy was performed over the same time course 
5 for hematology, ESR, general screen, antibody serology and viral cultures. Stools were 
collected every week to assess viral cultures. 

To obtain nasal epithelial cells from an anesthetized monkey, the nasal mucosa was 
first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, Schering- 
Plough) and 1 ml of 2% Lidocaine for 5 min. A cytobrush (the kind typically used for Pap 

10 smears) was then used to gently rub the mucosa for about 10 seconds. For tracheal brushings, 
a flexible fiberoptic bronchoscope; a 3 mm cytology brush (Bard) was advanced through the 
bronchoscope into the trachea, and a small area was brushed for about 10 seconds. This 
procedure was repeated twice to obtain a total of ~10^ cells/ml. Cells were then collected on 
slides (approximately 2 x 10 4 cells/slide using a Cytospin 3 (Shandon, PA)) for subsequent 

15 staining (see below). 

To determine viral efficacy, nasal, pharyngeal, and tracheal cells were stained for fi- 
galactosidase using X-gal (5 bromo-4-chloro-3-indolyl-p-D-galactoside). Cleavage of X-gal 
by P-galactosidase produces a blue color that can be seen with light microscopy. The Ad-p- 
gal vector included a nuclear-localization signal (NLS) (from SV40 large T-antigen) at the 

20 amino-terminus of the p-galactosidase sequence to direct expression of this protein to the 
nucleus. Thus, the number of blue nuclei after staining was determined. 

RT-PCR (reverse transcriptase-polymerase chain reaction) was also used to determine 
viral efficacy. This assay indicates the presence of P-galactosidase mRNA in cells obtained 
by brushings or swabs. PCR primers were used in both the adenovirus sequence and the 

25 LacZ sequence to distinguish virally-produced mRNA from endogenous mRNA. PCR was 
also used to detect the presence of the recombinant adenovirus DNA. Cytospin preparations 
was used to assess for the presence of virally produced p-galactosidase mRNA in the 
respiratory epithelial cells using in-situ hybridization. This technique has the advantage of 
being highly specific and will allow assessment which cells are producing the mRNA. 

30 Whether there was any inflammatory response was assessed by visual inspection of 

the nasal epithelium and by cytological examination of Wright-stained cells (cytospin). The 
percentage of neutrophils and lymphocytes were compared to that of the control nostril and to 
the normal values from four control monkeys. Systemic repsonses by white blood cell 
counts, sedimentation rate, and fever were also assessed. 

35 Viral replication at each of the time points was assessed by testing for the presence of 

live virus in the supernatant of the cell suspension from swabs or brushes. Each supernatant 
was used to infect (at several dilutions) the virus-sensitive 293 cell line. Cytopathic changes 
in the 293 cells were monitored for 1 week and then the cells were fixed and stained for p- 
galactosidase. Cytopathic effects and blue-stained cells indicated the presence of live virus. 



vvu ymumy 



-33- 

Positive supernatants will also be subjected to analysis of nonintegrating DNA to identify 
(confirm) the contributing virus(es). 

Antibody titers to type 2 adenovirus and to the recombinant adenovirus were 
determined by ELISA. Blood/serum analysis was performed using an automated chemistry 
5 analyzer Hitachi 737 and an automated hematology analyzer Technicom H6. The blood 
buffy coat was cultured in A549 cells for wild type adenovirus and was cultured in the 
permissive 293 ceils. 

Results: Both monkeys tolerated the procedure well. Daily examination revealed no 
evidence of coryza, conjunctivitis or diarrhea. For both monkeys, the nasal mucosa was 
mildly erythematous in both the infection side and the control side; this was interpreted as 
being due to the instrumentation. Appetites and weights were not affected by virus 
administrated in either monkey. Physical examination on days 1, 4,7, 14 and 21 revealed no 
evidence of lymphadenopathy, tachypnea, or tachycardia. On day 21, monkey B had a 
temperature 39.1°C (normal for Rhesus monkey 38.8°C) but had no other abnormalities on 
physical exam or in laboratory data. Monkey A had a slight leukocytosis on day 1 post 
infection which returned to normal by day 4; the WBC was 4,920 on the day of infection, 
8,070 on day 1, and 5,200 on day 4. The ESR did not change after the infection. Electrolytes 
and transaminases were normal throughout. 

Wright stains of cells from nasal brushing were performed on days 4, 7, 14, and 21 . 
They revealed less than 5% neutrophils and lymphocytes. There was no difference between 
the infected and the control side. 

X-Gal stains of the pharyngeal swabs revealed blue-stained cells in both monkeys on 
days 4, 7, and 14; only a few of the cells had clear nuclear localization of the pigment and 
some pigment was seen in extracellular debris. On day 7 post infection, X-Gal stains from 
the right nostril of monkey A, revealed a total of 135 ciliated cells with nuclear-localized blue 
stain. The control side had only 4 blue cells Monkey B had 2 blue cells from the infected 
nostril and none from the control side. Blue cells were not seen on day 7, 14, or 21 . 

RT-PCR on day 3 post infection revealed a band of the correct size that hybridized 
with a |3-Gal probe, consistent with (3-Gal mRNA in the samples from Monkey A control 
nostril and Monkey B infected nostril. On day 7 there was a positive band in the sample from 
the infected nostril of Monkey A, the same specimen that revealed blue cells. 

Fluid from each nostril, the pharynx, and trachea of both monkeys was placed on 293 
cells to check for the presence of live virus by cytopathic effect and X-Gal stain. In Monkey 
A, live virus was detected in both nostrils on day 3 after infection; no live virus was detected 
at either one or two weeks post-infection. In Monkey B, live virus was detected in both 
nostrils, pharynx, and trachea on day 3, and only in the infected nostril on day 7 after 
infection. No live virus was detected 2 weeks after the infection. 
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c. Human Explant Studies 

In a second type of experiment, epithelial cells from a nasal polyp of a CF patient 
were cultured on permeable filter supports. These cells form an electrically tight epithelial 
monolayer after several days in culture. Eight days after seeding, the cells were exposed to 
5 the Ad2/CFTR virus for 6 hours. Three days later, the short-circuit current (Isc) across the 
monolayer was measured. cAMP agonists did not increase the Isc, indicating that there was 
no change in chloride secretion. However, this defect was corrected after infection with 
recombinant Ad2/CFTR. Cells infected with Ad2/CFTR (MOI=5; MOI refers to multiplicity 
of infection; 1 MOI indicates one pfu/cell) express functional CFTR; cAMP agonists 

10 stimulated Isc, indicating stimulation of CI" secretion. Ad2/CFTR also corrected the CF 
chloride channel defect in CF tracheal epithelial cells. Additional studies indicated that 
Ad2/CFTR was able to correct the chloride secretory defect without altering the 
transepithelial electrical resistance; this result indicates that the integrity of the epithelial cells 
and the tight junctions was not disrupted by infection with Ad2/CFTR. Application of 1 MOI 

1 5 of Ad2/CFTR was also found to be sufficient to correct the CF chloride secretory defect. 

The experiments using primary cultures of human airway epithelial cells indicate that 
the Ad2/CFTR virus is able to enter CF airway epithelial cells and express sufficient CFTR to 
correct the defect in chloride transport. 

20 Example 9 -In Vivo Delivery to and Ex pression of CFTR in Cotton Rat and Rhesus Monkey 

Epithelium 

MATERIALS AND METHODS 

Adenovirus vector 

25 Ad2/CFTR-1 was prepared as described in Example 7. The DNA construct comprises 

a full length copy of the Ad2 genome of approximately 37.5 kb from which the early region 1 
genes (nucleotides 546 to 3497) have been replaced by cDNA for CFTR (nucleotides 123 to 
4622 of the published CFTR sequence with 53 additional linker nucleotides). The viral Ela 
promoter was used for CFTR cDNA. Termination/polyadenylation occurs at the site 

30 normally used by the Elb and protein IX transcripts. The recombinant virus E3 region was 
conserved. The size of the Ad2-CFTR-1 vector is approximately 104.5% that of wild-type 
adenovirus. The recombinant virus was grown in 293 cells that complement the El early 
viral promoters. The cells were frozen and thawed three times to release the virus and the 
preparation was purified on a CsCl gradient, then dialyzed against Tris-buffered saline (TBS) 

35 to remove the CsCl, as described. 
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Animals 

Rats, Twenty two cotton rats (6-8 weeks old, weighing between 80-100 g) were used 
for this study. Rats were anesthetized by inhaled methoxyflurane (Pitman Moore, Inc., 
Mundelen, 111). Virus was applied to the lungs by nasal instillation during inspiration. 
5 Two cotton rat studies were performed. In the first study, seven rats were assigned to 

a one time pulmonary infection with 100 fxl solution containing 4.1 x 10 9 plaque forming 
units (pfu) of the Ad2/CFTR-1 virus and 3 rats served as controls. One control rat and either 
two or three experimental rats were sacrificed with methoxyflurane and studies at each of 
three time points: 4, 1 1, or 15 days after infection. 

1 0 The second group of rats was used to test the effect of repeat administration of the 

recombinant virus. All 12 rats received 2.1 x 10 8 pfu of the Ad2/CFTR-1 virus on day 0 and 
9 of the rats received a second dose of 3.2 x 10 8 pfu of Ad2/CFTR-1 14 days later. Groups 
of one control rat and three experimental rats were sacrificed at 3, 7, or 14 days after the 
second administration of virus. Before necropsy, the trachea was cannulated and 

1 5 brochoaveolar lavage (BAL) was performed with 3 ml aliquots of phosphate-buffered saline. 
A median sternotomy was performed and the right ventricle cannulated for blood collection. 
The right lung and trachea were fixed in 4% formaldehyde and the left lung was frozen in 
liquid nitrogen and kept at -70°C for evaluation by immunochemistry, reverse transcriptase 
polymerase chain reaction (RT-PCR), and viral culture. Other organs were removed and 

20 quickly frozen in liquid nitrogen for evaluation by polymerase chain reaction (PCR). 

Monkeys. Three female Rhesus monkeys were used for this study; a fourth female 
monkey was kept in the same room, and was used as control. For application of the virus, the 
monkeys were anesthetized by intramuscular injection of ketamine (15 mg/kg). The entire 
epithelium of one nasal cavity in each monkey was used for virus application. A foley 

25 catheter (size 10) was inserted through each nasal cavity into the pharynx, the balloon was 
inflated with 2-3 ml of air, and then pulled anteriorly to obtain a tight occlusion at the 
posterior choana. The Ad2/CFTR-1 virus was then instilled slowly in the right nostril with 
the posterior balloon inflated. The viral solution remained in contact with the nasal mucosa 
for 30 min. The balloons were deflated, the catheters were removed, and the monkeys were 
. 30 allowed to recover from anesthesia. A similar procedure was performed on the left nostril, 
except that TBS solution was instilled as a control. The monkeys received a total of three 
doses of the virus over a period of 5 months. The total dose given was 2.5 x 10 9 pfu the first 
time, 2.3 x 10 9 pfu the second time, and 2.8 x 10 9 pfu the third time. It was estimated that 
the cell density of the nasal epithelia to be 2 x 10 6 cells/cm 2 and a surface area of 25 to 50 

35 cm 2 . This corresponds to a multiplicity of infection (MOI) of approximately 25. 

The animals were evaluated 1 week before the first administration of virus, on the day 
of administration, and on days 1, 3, 6, 13, 21, 27, and 42 days after infection. The second 
administration of virus occurred on day 55. The monkeys were evaluated on day 55 and then 
on days 56, 59, 62, 69, 76, 83, 89, 96, 103, and 1 1 1. For the third administration, on day 134, 
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only the left nostril was cannulated and exposed to the virus. The control monkey received 
instillations of PBS instead of virus. Biopsies of the left medial turbinate were carried out on 
day 135 in one of the infected monkeys, on day 138 on the second infected monkey, and on 
day 142 on the third infected monkey and on the control monkey. 
5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells, the nasal mucosa was first impregnated with 5 
drops of Afrin (0.05% oxymetazoline hydrochloride, Schering-Plough) and 1 ml of 2% 
Lidocaine for 5 minutes. A cytobrush was then used to gently rub the mucosa for about 3 
sec. To obtain pharyngeal epithelial swabs, a cotton-tipped applicator was rubbed over the 
1 0 back of the pharynx 2-3 times. The resulting cells were dislodged from brushes or 

applicators into 2 ml of sterile PBS. Biopsies of the medial turbinate were performed using 
cupped forceps under direct endoscopic control. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
1 5 consistency was also recorded to check for the possibility of diarrhea. At each of the 
evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 
The nasal mucosa, conjunctivas, and pharynx were visually inspected. The monkeys were 
also examined for lymphadenopathy. 

Venous blood from the monkeys was collected by standard venipuncture technique. 
20 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 

Hospitals and Clinics using a Hitachi 737 automated chemistry analyzer and a Technicom H6 
automated hematology analyzer. 

Serology 

25 Sera were obtained and anti-adenoviral antibody titers were measured by an enzyme- 

linked immunoadsorbant assay (ELISA). For the ELISA, 50 ng/well of filled adenovirus 
(Lee Biomolecular Research Laboratories, San Diego, Ca) in 0.1 M NaHCC>3 were coated on 
96 well plates at 4°C overnight. The test samples at appropriate dilutions were added, 
starting at a dilution of 1/50. The samples were incubated for 1 hour, the plates washed, and 

30 a goat anti-human IgG HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, 
PA) was added and incubated for 1 hour. The plates were washed and O-Phenylenediamine 
(Sigma Chemical Co., St. Louis, MO) was added for 30 min. at room temperature. The assay 
was stopped with 4.5 M H2SO4 and read at 490 nm on a Molecular Devices microplate 
reader. The titer was calculated as the product of the reciprocal of the initial dilution and the 

35 reciprocal of the dilution in the last well with an OD>0. 1 00. 

Neutralizing antibodies measure the ability of the monkey serum to prevent infection 
of 293 cells by adenovirus. Monkey serum (1:25 dilution) [or nasal washings (1 :2 dilutions)] 
was added in two-fold serial dilutions to a 96 well plate. Adenovirus (2.5 x 10^ pfu) was 
added and incubated for 1 hour at 37°C. The 293 cells were then added to all wells and the 
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plates were incubated until the serum-free control wells exhibited >95% cytopathic effect. 
The titer was calculated as the product of the reciprocal of the initial dilution times the 
reciprocal of the dilution in the last well showing >95% cytopathic effect. 

5 Bronchoalve olar lavage and nasal brushings for cytology 

Bronchoalveolar lavage (BAL) was performed by cannulating the trachea with a 
silastic catheter and injecting 5 ml of PBS. Gentle suction was applied to recover the fluid. 
The BAL sample was spun at 5000 rpm for 5 min. and cells were resuspended in 293 media 
at a concentration of 10^ cells/ml. Cells were obtained from the monkey's nasal epithelium 
1 0 by gently rubbing the nasal mucosa for about 3 sec. with a cytobrush. The resulting cells 
were dislodged from the brushes into 2 ml of PBS. Forty microliters of the cell suspension 
were cytocentrifuged onto slides and stained with Wright's stain. Samples were examined by 
light microscopy. 

15 

HigtPlogy of lung sections and nasfll biopsies 

The right lung of each cotton rat was removed, inflated with 4% formaldehyde, and 
embedded in paraffin for sectioning. Nasal biopsies from the monkeys were also fixed with 
4% formaldehyde. Histologic sections were stained with hematoxylin and eosin (H&E). 
20 Sections were reviewed by at least one of the study personnel and by a pathologist who was 
unaware of the treatment each rat received. 

Immwiopytocbemistry 

Pieces of lung and trachea of the cotton rats and nasal biopsies were frozen in liquid 

25 nitrogen on O.C.T. compound. Cryosections and paraffin sections of the specimens were 
used for immunofluorescence microscopy. Cytospin slides of nasal brushings were prepared 
on gelatin coated slides and fixed with paraformaldehyde. The tissue was permeabilized with 
Triton X-100, then a pool of monoclonal antibodies to CFTR (Ml 3-1, Ml -4) (Denning, G.M. 
et al. (1992) J. Clin. Invest 89:339-349) was added and incubated for 12 hours. The primary 

30 antibody was removed and an anti-mouse biotinylated antibody (Biomeda, Foster City, CA) 
was added. After removal of the secondary antibody, streptavidin FITC (Biomeda, Foster 
City, Ca) was added and the slides were observed under a laser scanning confocal 
microscope. Both control animal samples and non-immune IgG stained samples were used as 
controls. 

35 

PCR 

PCR was performed on pieces of small bowel, brain, heart, kidney, liver, ovaries, and 
spleen from cotton rats. Approximately 1 g of the rat organs was mechanically ground and 
mixed with 50 |il sterile water, boiled for 5 min., and centrifuged. A 5 fil aliquot of the 
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supernatant was removed for further analysis. Monkey nasal brushings suspensions were 
also used for PCR. 

Nested PCR primer sets were designed to selectively amplify Ad2/CFTR-1 DNA over 
endogenous CFTR by placing one primer from each set in the adenovirus sequence and the 
5 other primer in the CFTR sequence. The first primer set amplifies a 723 bp fragment and is 
shown below: 

Ad2 5' ACT CTT GAG TGC CAG CGA GTA GAG TTT TCT CCT CCG 3' (SEQ ID 
NO:4) 

CFTR 5' GCA AAG GAG CGA TCC ACA CGA AAT GTG CC 3' (SEQ ID NO:5) 
10 The nested primer set amplifies a 506 bp fragment and is shown below: 
Ad2 5' CTC CTC CGA GCC GCT CCG AGC TAG 3' (SEQ ID NO:6) 
CFTR 5' CCA AAA ATG GCT GGG TGT AGG AGC AGT GTC C 3' (SEQ ID NO:7) 

A PCR reaction mix containing lOmM Tris-Cl (pH 8.3), 50mM KC1, 1.5 mM MgCl2 5 
0.001% (w/v) gelatin, 400 each dNTP, 0.6 each primer (first set), and 2.5 units 
15 AmpliTaq (Perkin Elmer) was aliquoted into separate tubes. A 5 |il aliquot of each sample 
prep was then added and the mixture was overlaid with 50 ^il of light mineral oil. The 
samples were processed on a Barnstead/Thermolyne (Dubuque, LA) thermal cycler 
programmed for 1 min. at 94°C, 1 min. at 65°C, and 2 min. at 72°C for 40 cycles. Post-run 
dwell was for 7 min. at 72°C. A 5 \xl aliquot was removed and addeci to a second PCR 
20 reaction using the nested set of primers and cycled as above. A 1 0 |il aliquot of the final 
amplification reaction was analyzed on a 1% agarose gel and visualized with ethidium 
bromide. 

To determine the sensitivity of this procedure, a PCR mix containing control rat liver 
supernatant was aliquoted into several tubes and spiked with dilutions of Ad2/CFTR-1 . 
25 Following the amplification protocols described above, it was determined that the nested 
PCR procedure could detect as little as 50 pfu of viral DNA. 

RT-PCR 

RT-PCR was used to detect vector-generated mRNA in cotton rat lung tissue and 
30 samples from nasal brushings from monkeys. A 200 nl aliquot of guanidine isothiocyanate 
solution (4 M guanidine isothiocyanate, 25 mM sodium citrate pH 7.0, 0.5% sarcosyl, and 0.1 
M p-mercaptoethanol) was added to a frozen section of each lung and pellet from nasal 
brushings and the tissue was mechanically ground. Total RNA was isolated utilizing a 
single-step method (Chomczynski, P. and Sacchi, N. et al. (1987) Analytical Biochemistry 
35 162:156-159; Hanson, C.A. et al. (1990) Am. J. Pathol 137:1-6). The RNA was incubated 
with 1 unit RQ1 RNase-free DNase (Promega Corp., Madison WI)) at 37°C for 20 min., 
denatured at 99°C for 5 min., precipitated with ammonium acetate and ethanol, and 
redissolved in 4 |il diethylpyrocarbonate treated water containing 20 units RNase Block 1 
(Stratagene, La Jolla CA). A 2 jxl aliquot of the purified RNA was reverse transcribed using 
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the GeneAmp RNA PCR kit (Perkin Elmer Cetus) and the downstream primer from the first 
primer set described in the previous section. Reverse transcriptase was omitted from the 
reaction with the remaining 2 \xl of the purified RNA prep, as a control in which preparations 
(both +/- RT) were then amplified using nested primer sets and the PCR protocols described 
5 above. A 10 jil aliquot of the final amplification reaction was analyzed on a 1% agarose gel 
and visualized with ethidium bromide. 

Southern wfrlysis- 

To verify the identity of the PCR products, Southern analysis was performed. The 
DNA was transferred to a nylon membrane as described (Sambrook sk al, supra). A 
fragment of CFTR cDNA (amino acids #1-525) was labeled with [ 32 P]-dCTP (ICN 
Biomedicals, Inc. Irvine CA) using an oligolabeling kit (Pharmacia, Piscataway, NJ) and 
purified over a NICK column (Pharmacia Piscataway, NJ) for use as a hybridization probe. 
The labeled probe was denatured, cooled, and incubated with the prehybridized filter for 1 5 
hours at 42°C. The hybridized filter was then exposed to film (Kodak XAR-5) for 10 min. 



10 
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Culture of Ad2/CFTR-1 

20 Viral cultures were performed on the permissive 293 cell line. For culture of virus 

from lung tissue, 1 g of lung was frozen/thawed 3-6 times and then mechanically disrupted in 
200 |il of 293 media. For culture of BAL and monkey nasal brushings, the cell suspension 
was spun for 5 min and the supernatant was collected. Fifty jal of the supernatant was added 
in duplicate to 293 cells grown in 96 well plates at 50% confluence. The 293 cells were 

25 incubated for 72 hr at 37°C, then fixed with a mixture of equal parts of methanol and acetone 
for 10 min. and incubated with FITC-labeled anti-adenovirus monoclonal antibodies 
(Chemicon, Light Diagnostics, Temecuca, CA) for 30 min. Positive nuclear 
immunofluorescence was interpreted as positive culture. The sensitivity of the assay was 
evaluated by adding dilutions of Ad2/CFTR-1 to 50 |al of the lung homogenate from one of 
■ 30 the control rats. Viral replication was detected when as little as 1 pfu was added. 

RESULTS 

Efficacy of Ad2/C FTR-1 in the lungs of cotton rats. 

To test the ability of Ad2/CFTR-1 to transfer CFTR cDNA to the intrapulmonary 
35 airway epithelium, several studies were performed. 4x10 pfu - IU of Ad2/CFTR-1 in 100 jil 
was adminstered to seven cotton rats; three control rats received 100 \il of TBS (the vehicle 
for the virus). The rats were sacrificed 4, 10 or 14 days later. To detect viral transcripts 
encoding CFTR, reverse transcriptase was used to prepare cDNA from lung homogenates. 
The cDNA was amplified with PCR using primers that span adenovirus and CFTR-encoded 
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sequences. Thus, the procedure did not detect endogenous rat CFTR. Figure 16 shows that 
the lungs of animals which received Ad2/CFTR-1 were positive for virally-encoded CFTR 
mRNA. The lungs of all control rats were negative. 

To detect the protein, lung sections were immunostained with antibodies specific to 
5 CFTR. CFTR was detected at the apical membrane of bronchial epithelium from all rats 
exposed to Ad2/CFTR-1, but not from control rats. The location of recombinant CFTR at the 
apical membrane is consistent with the location of endogenous CFTR in human airway 
epithelium. Recombinant CFTR was detected above background levels because endogenous 
levels of CFTR in airway epithelia are very low and thus, difficult to detect by 
10 immunocytochemistry (Trapnell, B. et al. (1991) Proc. Natl Acad Set USA 88:6565-6569; 
Denning, G.M. etal. (1992) J Cell Biol 118:551-59). 

These results show that Ad2/CFTR-1 directs the expression of CFTR mRNA in the 
lung of the cotton rat and CFTR protein in the intrapulmonary airways. 

15 Safety of A42/CFTR-1 in cotton rat?. 

Because the El region of Ad2 is deleted in the Ad2/CFTR-1 virus, the vector was 
expected to be replication-impaired (Berkner, K.L. (1988) BioTechniques 6:616-629) and that 
it would be unable to shut off host cell protein synthesis (Basuss, L.E. et al. (1989) J. Virol 
50:202-212). Previous in vitro studies have suggested that this is the case in a variety of cells 

20 including primary cultures of human airway epithelial cells (Rich, D.P. et al. (1993) Human 
Gene Therapy 4:461-476). However, it is important to confirm this in vivo in the cotton rat, 
which is the most permissive animal model for human adenovirus infection (Ginsberg, H.S. 
et al. (1989) Proc. Natl Acad Set USA 86:3823-3827; Prince, G.A. et al. (1993) J. Virol 
67:101-111). Although dose of virus of 4. 1 x 1 0 1 0 pfas per kg was used, none of the rats 

25 died. More importantly, extracts from lung homogenates from each of the cotton rats were 
cultured in the permissive 293 cell line. With this assay 1 pfu of recombinant virus was 
detected in lung homogenate. However, virus was not detected by culture in the lungs of any 
of the treated animals. Thus, the virus did not appear to replicate in vivo. 

It is also possible that administration of Ad2/CFTR-1 could cause an inflammatory 

30 response, either due to a direct effect of the virus or as a result of administration of viral 
particles. Several studies were performed to test this possibility. None of the rats had a 
change in the total or differential white blood cell count, suggesting that there was no major 
systemic inflammatory response. To assess the pulmonary inflammatory response more 
directly, bronchoalveolar lavage was performed on each of the rats (Figures 17A and 17B). 

35 Figure 1 7 A shows that there was no change in the total number of cells recovered from the 
lavage or in the differential cell count. 

Sections of the lung stained by H&E were also prepared. There was no evidence of 
viral inclusions or any other changes characteristic of adenoviral infection (Prince, G.A. et al. 
(1993) J. Virol 67:101-1 11). When coded lung sections were evaluated by a skilled reader 
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who was unaware of which sections were treated, she was unable to distinguish between 
sections from the treated and untreated lungs. 

It seemed possible that the recombinant adenovirus could escape from the lung into 
other tissues. To test for this possibility, other organs from the rats were evaluated using 
5 nested PGR to detect viral DNA. All organs tested from infected rats were negative, with the 
exception of small bowel which was positive in 3 of 7 rats. Figure 18 shows the results of 2 
infected rats and one control rat sacrificed on day 4 after infection. The organ homogenates 
from the infected rats sacrificed were negative for Ad2/CFTR-1 with the exception of the 
small bowel. Organ homogenates from control rats sacrificed on day 4 after infection were 

1 0 negative for Ad2/CFTR-1 . The presence of viral DNA in the small bowel suggests that the 
rats may have swallowed some of the virus at the time of instillation or, alternatively, the 
normal airway clearance mechanisms may have resulted in deposition of viral DNA in the 
gastrointestinal tract. Despite the presence of viral DNA in homogenates of small intestine, 
none of the rats developed diarrhea. This result suggests that if the virus expressed CFTR in 

15 the intestinal epithelium, there was no obvious adverse consequence. 

Repeat administratiQn pf A42/CFTM tQ cpttQi) rat? 

Because adenovirus DNA integration into chromosomal DNA is not necessary for 
gene expression and only occurs at very low frequency, expression following any given 

20 treatment was anticipated to be finite and that repeated administration of recombinant 

adenovirus would be required for treatment of CF airway disease. Therefore, the effect of 
repeated administration of Ad2/CFTR-1 cotton rats was examined. Twelve cotton rats 
received 50 pi of Ad2/CFTR-1 . Two weeks later, 9 of the rats received a second dose of 50 ja 
1 of Ad2/CFTR-1 and 3 rats received 50 pi of TBS. Rats were sacrificed on day 3, 7, or 14 

25 after virus administration. At the time of the second vector administration all cotton rats had 
an increased antibody titer to adenovirus. 

After the second intrapulmonary administration of virus, none of the rats died. 
Moreover, the results of studies assessing safety and efficacy were similar to results obtained 
in animals receiving adenovirus for the first time. Viral cultures of rat lung homogenates on 

30 293 cells were negative at all time points, suggesting that there was no virus replication. 
There was no difference between treated and control rats in the total or differential white 
blood count at any of the time points. The lungs were evaluated by histologic sections 
stained with H&E; and found no observable differences between the control and treated rats 
when sections were read by us or by a blinded skilled reader. Examples of some sections are 

35 shown in Figure 1 9. When organs were examined for viral DNA using PCR, viral DNA was 
found only in the small intestine of 2 rats. Despite seropositivity of the rats at the time of the 
second administration, expression of CFTR (as assessed by RT-PCR and by 
immunocytochemistry of sections stained with CFTR antibodies) similar to that seen in 
animals that received a single administration was observed. 
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These results suggest that prior administration of Ad2/CFTR-1 and the development 
of an antibody response did not cause an inflammatory response in the rats nor did it prevent 
virus-dependent production of CFTR. 



5 Evidence that Ad2/CFTR-1 expresses CFTR in primate airway epithelium 

The cells lining the respiratory tract and the immune system of primates are similar to 
those of humans. To test the ability of Ad2/CFTR-1 to transfer CFTR to the respiratory 
epithelium of primates, Ad2/CFTR was applied on three occasions as described in the 
methods to the nasal epithelium of three Rhesus monkeys. To obtain cells from the 
10 respiratory epithelium, the epithelium was brushed using a procedure similar to that used to 
sample the airway epithelium of humans during fiberoptic bronchoscopy. 

To assess gene transfer, RT-PCR was used as described above for the cotton rats. RT 
- PCR was positive on cells brushed from the right nostril of all three monkeys, although it 
was only detectable for 18 days after virus administration. An example of the results are 
1 5 shown in Figure 20A. The presence of a positive reaction in cells from the left nostril most 
likely represents some virus movement to the left side due to drainage, or possibly from the 
monkey moving the virus from one nostril to the other with its fingers after it recovered from 
anesthesia. 

The specificity of the RT-PCR is shown in Figure 20B. A Southern blot with a probe 

20 to CFTR hybridized with the RT-PCR product from the monkey infected with Ad2/CFTR-1 . 
As a control, one monkey received a different virus (Ad2/pGal-l) which encodes p- 
galactosidase. When different primers were used to reverse transcribe the p-galactosidase 
mRNA and amplify the cDNA, the appropriate PCR product was detected. However, the 
PCR product did not hybridize to the CFTR probe on Southern blot. This result shows the 

25 specificity of the reaction for amplification of the adenovirus-directed CFTR transcript. 

The failure to detect evidence of adenovirus-encoded CFTR mRNA at 18 days or 
beyond suggests that the sensitivity of the RT-PCR may be low because of limited efficacy of 
the reverse transcriptase or because RNAses may have degraded RNA after cell acquisition. 
Viral DNA, however, was detected by PCR in brushings from the nasal epithelium for 

30 seventy days after application of the virus. This result indicates that although mRNA was not 
detected after 2 weeks, viral DNA was present for a prolonged period and may have been 
transcriptionally active. 

To assess the presence of CFTR proteins directly, cells obtained by brushing were 
plated onto slides by cytospin and stained with antibodies to CFTR. Figure 21 shows an 

35 example of the immunocytochemistry of the brushed cells. A positive reaction is clearly 
evident in cells exposed to Ad2/CFTR-1 . The cells were scored as positive by 
immunocytochemistry when evaluated by a reader uninformed to the identity of the samples. 
Immunocytochemistry remained positive for five to six weeks for the three monkeys, even 
after the second administration of Ad2/CFTR-1. On occasion, a few positive staining cells 
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were observed from the contralateral nostril of the monkeys. However, this was of short 
duration, lasting at most one week. 

Sections of nasal turbinate biopsies obtained within a week after the third infection 
were also examined. In sections from the control monkey, little if any immunofluorescence 
5 from the surface epithelium was observed, but the submucosal glands showed significant 
staining of CFTR (Fig. 22). These observations are consistent with results of previous 
studies (Engelhardt, IF. and Wilson, J.M. (1992) Nature Gen. 2:240-248.) In contrast, 
sections from monkeys that received Ad2/CFTR-1 revealed increased immunofluorescence at 
the apical membrane of the surface epithelium. The submucosal glands did not appear to 
1 0 have greater immunostraining than was observed under control conditions. These results 
indicate that Ad2/CFTR-1 can transfer the CFTR cDNA to the airway epithelium of Rhesus 
monkeys, even in seropositive animals (see below). 

Safety of Ad2/CFTR-1 administered to monkeys 

1 5 Figure 23 shows that all three treated monkeys developed antibodies against 

adenovirus. Antibody titers measured by ELISA rose within two weeks after the first 
infection. With subsequent infections the titer rose within days. The sentinel monkey had 
low antibody titers throughout the experiment. Tests for the presence of neutralizing 
antibodies were also performed. After the first administration, neutralizing antibodies were 

20 not observed, but they were detected after the second administration and during the third viral 
administration (Fig. 23). 

To detect virus, supernatants from nasal brushings and swabs were cultured on 293 
cells. All monkeys had positive cultures on day 1 and on day 3 or 4 from the infected nostril. 
Cultures remained positive in one of the monkeys at seven days after administration, but 

25 cultures were never positive beyond 7 days. Live virus was occasionally detected in swabs 
from the contra lateral nostril during the first 4 days after infection. The rapid loss of 
detectable virus suggests that there was not viral replication. Stools were routinely cultured, 
but virus was never detected in stools from any of the monkeys. 

None of the monkeys developed any clinical signs of viral infection or inflammation. 

30 Visual inspection of the nasal epithelium revealed slight erythema in all three monkeys in 
both nostrils on the first day after infection; but similar erythema was observed in the control 
monkey and likely resulted from the instrumentation. There was no visible abnormalities at 
days 3 or 4, or on weekly inspection thereafter. Physical examination revealed no fever, 
lymphadenopathy, conjunctivitis, tachypnea, or tachycardia at any of the time points. No 

35 abnormalities were found in a complete blood count or sedimentation rate, nor were 

abnormalities observed in serum electrolytes, transaminases, or blood urea nitrogen and 
creatinine. 

Examination of Wright-stained cells from the nasal brushings showed that neutrophils 
and lymphocytes accounted for less than 5% of total cells in all three monkeys. 
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Administration of the Ad2/CFTR-1 caused no change in the distribution or number of 
inflammatory cells at any of the time points following virus administration. H&E stains of 
the nasal turbinate biopsies specimens from the control monkey could not be differentiated 
from that of the experimental monkey when the specimens were reviewed by an independent 
5 pathologist. (Fig. 24) 

These results demonstrate the ability of a recombinant adenovirus encoding CFTR 
(Ad2/CFTR-1) to express CFTR cDNA in the airway epithelium of cotton rats and monkeys 
during repeated administration. They also indicate that application of the virus involves little 
if any risk. Thus, they suggest that such a vector may be of value in expressing CFTR in the 

1 0 airway epithelium of humans with cystic fibrosis. 

Two methods were used to show that Ad2/CFTR-1 expresses CFTR in the airway 
epithelium of cotton rats and primates: CFTR mRNA was detected using RT-PCR and 
protein was detected by immunocytochemistry. Duration of expression as assessed 
immunocytochemically was five to six weeks. Because very little protein is required to 

15 generate CI" secretion (Welsh, M.J. (1987) Physiol Rev. 67:1 143-1 184; Trapnell, B.C. et al. 

(1991) Proc. Natl Acad Set USA 88:6565-6569; Denning, G.M. et al. (1992) J. Cell Biol 
1 18:551-559), it is likely that functional expression of CFTR persists substantially longer 
than the period of time during which CFTR was detected by immunocytochemistry. Support 
for this evidence comes from two consderations: first, it is very difficult to detect CFTR 

20 immuncytochemically in the airway epithelium, yet the expression of an apical membrane 
CI" permeability due to the presence of CFTR CI" channels is readily detected. The ability 
of a minimal amount of CFTR to have important functional effects is likely a result of the 
fact that a single ion channel conducts a very large number of ions (10^ - 10? ions/sec). 
Thus, ion channels are not usually abundant proteins in epithelia. Second, previous work 

25 suggests that the defective electrolyte transport of CF epithelia can be corrected when only 6- 
10% of cells in a CF airway epithelium overexpress wild-type CFTR (Johnson, L.G. et al. 

(1992) Nature Gen 2:21-25). Thus, correction of the biologic defect in CF patients may be 
possible when only a small percent of the cells express CFTR. This is also consistent with 
our previous studies in vitro showing that Ad2/CFTR-1 at relatively low multiplicities of 

30 infection generated a cAMP-stimulated CI" secretory response in CF epithelia (Rich, D.P. et 
al. (1993) Human Gene Therapy 4:461-476). 

This study also provides the first comprehensive data on the safety of adenovirus 
vectors for gene transfer to airway epithelium. Several aspects of the studies are 
encouraging. There was no evidence of viral replication, rather infectious viral particles were 

35 rapidly cleared from both cotton rats and primates. These data, together with our previous in 
vitro studies, suggest that replication of recombinant virus in humans will likely not be a 
problem. The other major consideration for safety of an adenovirus vector in the treatment of 
CF is the possibility of an inflammatory response. The data indicate that the virus generated 
an antibody response in both cotton rats and monkeys. Despite this, no evidence of a 
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systemic or local inflammatory response was observed. The cells obtained by 
bronchoalveolar lavage and by brushing and swabs were not altered by virus application. 
Moreover, the histology of epithelia treated with adenovirus was indistinguishable from that 
of control epithelia. These data suggest that at least three sequential exposures of airway 
5 epithelium to adenovirus does not cause a detrimental inflammatory response. 

These data suggest that Ad2/CFTR-1 can effectively transfer CFTR cDNA to airway 
epithelium and direct the expression of CFTR. They also suggest that transfer is relatively 
safe in animals. Thus, they suggest that Ad2/CFTR-1 may be a good vector for treating 
patients with CF. This was confirmed in the following example, 

10 

Example 10 - CFTR Gene Therapy in Nasal E pithelia from Human CF Subjects 
EXPERIMENTAL PROCEDURES 

15 Adenovirus vector 

The recombinant adenovirus Ad2/CFTR-1 was used to deliver CFTR cDNA. The 
construction and preparation of Ad2/CFTR-1, and its use in vitro and in vivo in animals, has 
been previously described (Rich, D.P. et aL (1993) Human Gene Therapy 4:461-476; Zabner, 
J. et al. (1993) Nature Gen. (in press)). The DNA construct comprises a full length copy of 

20 the Ad2 genome from which the early region 1 genes (nucleotides 546 to 3497) have been 
replaced by cDNA for CFTR. The viral Ela promoter was used for CFTR cDNA; this is a 
low to moderate strength promoter, Termination/polyadenylation occurs at the site normally 
used by Elb and protein IX transcripts. The E3 region of the virus was conserved. 

25 Patients 

Three patients with CF were studied. Genotype was determined by IG Labs 
(Framingham, MA). All three patients had mild CF as defined by an NIH score > 70 
(Taussig, L.M. et al. (1973) J, Pediatr. 82:380-390), a normal weight for height ratio, a 
forced expiratory volume in one second (FEV1) greater than 50% of predicted and an arterial 

30 PO2 greater than 72. All patients were seropositive for type 2 adenovirus, and had no recent 
viral illnesses. Pretreatment cultures of nasal swabs, pharyngeal swabs, sputum, urine, stool, 
and blood leukocytes were negative for adenovirus. PCR of pretreatment nasal brushings 
using primers for the adenovirus El region were negative. Patients were evaluated at least 
twice by FEV1, cytology of nasal mucosa, visual inspection, and measurement of V t before 

35 treatment. Prior to treatment, a coronal computed tomographic scan of the paranasal sinuses 
and a chest X-ray were obtained. 

The first patient was a 21 year old woman who was diagnosed at 3 months after birth. 
She had pancreatic insufficiency, a positive sweat chloride test (101 mEq/1), and is 
homozygous for the AF508 mutation. Her NIH score was 90 and her FEV1 was 83% 
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predicted. The second patient was a 36 year old man who was diagnosed at the age of 1 3 
when he presented with symptoms of pancreatic insufficiency, A sweat chloride test revealed 
a chloride concentration of 70 mEq/1. He is a heterozygote with the AF508 and G55ID 
mutations. His NIH score was 88 and his FEVI was 66% predicted. The third patient was a 
5 50 year old woman, diagnosed at the age of 9 with a positive sweat chloride test (1 04 mEq/1 ). 
She has pancreatic insufficiency and insulin dependent diabetes mellitus. She is homozygous 
for the AF508 mutation. Her NIH score was 73 and her FEVI was 65% predicted. 

Transepithelial voltage 

10 The transepithelial electric potential difference across the nasal epithelium was 

measured using techniques similar to those previously described (Alton, E. W.F. W. et al 
(1987) Thorax 42:815-817; Knowles, M. et al. (1981) K Eng. 1 Med. 305:1489-1495). A 23 
gauge subcutaneous needle connected with sterile normal saline solution to a silver/silver 
chloride pellet (E. W. Wright, Guilford, CT) was used as a reference electrode. The exploring 

15 electrode was a size 8 rubber catheter (modified Argyll Foley catheter, St. Louis, MO) with 
one side hole at the tip. The catheter was filled with Ringer's solution containing (in mM), 
135 NaCl, 2.4 KH 2 P0 2 , K 2 HP0 4 , 1.2CaCL 2 , 12 MgCl 2 and 10 Hepes (titrated to pH 7.4 
with NaOH) and was connected to a silver/silver chloride pellet. Voltage was measured with 
a voltmeter (Keithley Instruments Inc., Cleveland, OH) connected to a strip chart recorder 

20 (Servocorder, Watanabe Instruments, Japan). Prior to the measurements, the silver/silver 
chloride pellets were connected in series with the Ringer's solution; the pellets were changed 
if the recorded V{ was greater than ±4 mV. The rubber catheter was introduced into the 
nostril under telescopic guidance (Hopkins Telescope, Karl Storz, Tuttlingen West Germany) 
and the side hole of the catheter was placed next to the study area in the medical aspect of the 

25 inferior nasal turbinate. The distance from the anterior tip of the inferior turbinate and the 
spatial relationship with the medial turbinate, the maxillary sinus ostium, and in one patient a 
small polyp, were used to locate the area of Ad2/CFTR-1 administration for measurements. 
Photographs and video recorder images were also used. Basal Vf was recorded until no 
changes in were observed after slow intermittent 100 ^l/min infusion of the Ringer's 

30 solution. Once a stable baseline was achieved, 200 \x\ of a Ringer's solution containing 100 ji 
M amiloride (Merck and Co. Inc., West Point, PA) was instilled through the catheter and 
changes in were recorded until no further change were observed after intermittent 
instillations. Finally, 200 |il Ringer's solution containing 100 \xM amiloride plus 10 \xM 
terbutaline (Geigy Pharmaceuticals, Ardsley, NY) was instilled and the changes in V t were 

35 recorded. 

Measurements of basal Vf were reproducible over time: in the three treated patients, 
the coefficients of variation before administration of Ad2/CFTR-1 were 3.6%, 12%, and 
12%. The changes induced by terbutaline were also reproducible. In 30 measurements in 9 
CF patients, the terbutaline-induced changes in V t (AV{) ranged from 0 mV to +4 mV; 
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hyperpolarization of Vf was never observed. In contrast, in 7 normal subjects AVt ranged 
from -1 mV to -5 mV; hypeipolarization was always observed. 

Ad2/CFTR-1 a pplication and cell acquisition 
5 The patients were taken to the operating room and monitoring was commenced using 

continuous EKG and pulse oximetry recording as well as automatic intermittent blood 
pressure measurement. After mild sedation, the nasal mucosa was anesthetized by atomizing 
0.5 ml of 5% cocaine. The mucosa in the area of the inferior turbinate was then packed with 
cotton pledgets previously soaked in a mixture of 2 ml of 0.1% adrenaline and 8 ml of 1% 

10 tetracaine. The pledgets remained in place for 10-40 min. Using endoscopic visualization 
with a television monitoring system, the applicator was introduced through the nostril and 
positioned on the medial aspect of the inferior turbinate, at least three centimeters from its 
anterior tip (Figures 25A-25I). The viral suspension was infused into the applicator through 
connecting catheters. The position of the applicator was monitored endoscopically to ensure 

1 5 that it did not move and that enough pressure was applied to prevent leakage. After the virus 
was in contact with the nasal epithelium for thirty minutes, the viral suspension was removed, 
and the applicator was withdrawn. In the third patient's right nasal cavity, the virus was 
applied using the modified Foley catheter used for V t measurements. The catheter was 
introduced without anesthetic under endoscopic guidance until the side hole of the catheter 

20 was in contact with the area of interest in the inferior turbinate. The viral solution was 

infused slowly until a drop of solution was seen with the telescope. The catheter was left in 
place for thirty minutes and then removed. 

Cells were obtained from the area of virus administration approximately 2 weeks 
before treatment and then at weekly intervals after treatment. The inferior turbinate was 

25 packed for 10 minutes with cotton pledgets previously soaked in 1 ml of 5% cocaine. Under 
endoscopic control, the area of administration was gently brushed for 5 seconds. The brushed 
cells were dislodged in PBS. Swabs of the nasal epithelia were collected using cotton tipped 
applicators without anesthesia. Cytospin slides were prepared and stained with Wright ! s 
stain. Light microscopy was used to assess the respiratory epithelial cells and inflammatory 

30 cells. For biopsies, sedatives/anesthesia was administered as described for the application 
procedure. After endoscopic inspection, and identification of the site to be biopsied, the 
submucosa was injected with 1% xylocaine, with 1/100,000 epinephrine. The area of virus 
application on the inferior turbinate was removed. The specimen was fixed in 4% 
formaldehyde and stained. 

35 

RESULTS 

On day one after Ad2/CFTR-1 administration and at all subsequent time points, 
Ad2/CFTR-1 from the nasal epithelium, pharynx, blood, urine, or stool could not be cultured. 
As a control for the sensitivity of the culture assay, samples were routinely spiked with 10 
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and 100 IU Ad2/CFTR-1. In every case, the spiked samples were positive, indicating that, at 
a minimum, 10 IU of Ad2/CFTR should have been detected. No evidence of a systemic 
response as assessed by history, physical examination, serum chemistries or cell counts, chest 
and sinus X-rays, pulmonary function tests, or arterial blood gases performed before and after 
5 Ad2/CFTR-1 administration. An increase in antibodies to adenovirus was not detectable by 
ELISA or by neutralization for 35 days after treatment. 

Three to four hours after Ad2/CFTR-1 administration, at the time that local anesthesia 
and localized vasoconstriction abated, all patients began to complain of nasal congestion and 
in one case, mild rhinorrhea. These were isolated symptoms that diminished by 18 hours and 

10 resolved by 28 to 42 hours. Inspection of the nasal mucosa showed mild to moderate 

erythema, edema, and exudate (Figures 25A-25C). These physical findings followed a time 
course similar to the symptoms. The physical findings were not limited to the site of virus 
application, even though preliminary studies using the applicator showed that marker 
methylene blue was limited to the area of application. In two additional patients with CF, the 

1 5 identical anesthesia and application procedure were used, but saline was applied instead of 
virus, yet the same symptoms and physical findings were observed in these patients (Figures 
25G-25I). Moreover, the local anesthesia and vasoconstriction generated similar changes 
even when the applicator was not used, suggesting that the anesthesia/vasoconstriction caused 
some, if not all the injury. Twenty-four hours after the application procedure, analysis of 

20 cells removed from nasal swabs revealed an equivalent increase in the percent neutrophils in 
patients treated with Ad2/CFTR-1 or with saline. One week after application, the 
neutrophilia had resolved in both groups. Respiratory epithelial cells obtained by nasal 
brushing appeared normal at one week and at subsequent time points, and showed no 
evidence of inclusion bodies. To further evaluate the mucosa, the epithelium was biopsied on 

25 day three in the first patient and day one in the second patient. Independent evaluation by 
two pathologists not otherwise associated with the study suggested changes consistent with 
mild trauma and possible ischemia (probably secondary to the anesthetic/vasoconstrictors 
used before virus administration), but there were no abnormalities suggestive of virus- 
mediated damage. 

30 Because the application procedure produced some mild injury in the first two patients, 

the method of administration was altered in the third patient. The method used did not 
require the use of local anesthesia or vasoconstriction and which was thus less likely to cause 
injury, but which was also less certain in its ability to constrain Ad2/CFTR-1 in a precisely 
defined area. On the right side, Ad2/CFTR-1 was administered as in the first two patients, 

35 and on the left side, the virus was administered without anesthesia or the applicator, instead 
using a small Foley catheter to apply and maintain Ad2/CFTR-1 in a relatively defined area 
by surface tension (Figure 25E). On the right side, the symptoms and physical findings were 
the same as those observed in the first two patients. By contrast, on the left side there were 
no symptoms and on inspection the nasal mucosa appeared normal (Figures 25D-25F). Nasal 
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swabs obtained from the right side showed neutrophilia similar to that observed in the first 
two patients. In contrast, the left side which had no anesthesia and minimal manipulation, 
did not develop neutrophilia. Biopsy of the left side on day 3 after administration (Figure 
26), showed morphology consistent with CF-- a thickened basement membrane and 
5 occasional polymorphonuclear cells in the submucosa- but no abnormalities that could be 
attributed to the adenovirus vector. 

The first patient developed symptoms of a sore throat and increased cough that began 
three weeks after treatment and persisted for two days. Six weeks after treatment she 
developed an exacerbation of her bronchitis/bronchiectasis and hemoptysis that required 

1 0 hospitalization. The second patient had a transient episode of minimal hemoptysis three 
weeks after treatment; it was not accompanied by any other symptoms before or after the 
episode. The third patient has an exacerbation of bronchitis three weeks after treatment for 
which she was given oral antibiotics. Based on each patient's pretreatment clinical history, 
evaluation of the episodes, and viral cultures, no evidence could be discerned that linked 

1 5 these episodes to administration of Ad2/CFTR- 1 . Rather the episodes appeared consistent 
with the normal course of disease in each individual. 

The loss of CFTR CI" channel function causes abnormal ion transport across affected 
epithelia, which in turn contributes to the pathogenesis of CF-associated airway disease 
(Boat, T.F. et al. in The Metabolic Basis of Inherited Diseases (Scriver, C.R. et al. eds., 

20 McGraw-Hill, New York (1 989); Quinton, P.M. (1990) FASEB J. 4:2709-271 7). In airway 
epithelia, ion transport is dominated by two electrically conductive processes: amiloride- 
sensitive absorption of Na + from the mucosal to the submucosal surface and cAMP- 
stimulated CI" secretion in the opposite direction. (Quinton, P.M. (1990) FASEB J. 4:2709- 
2717; Welsh, MJ. (1987) Physiol Rev. 67:1 143-1 184). These two transport processes can be 

25 assessed noninvasively by measuring the voltage across the nasal epithelium (Vt) in vivo 
(Knowles, M. et al (1981) N. Eng. J. Med 305:1489-1495; Alton, E.W.F.W. et al.(1987) 
Thorax 42:815-817). Figure 27 shows an example from a normal subject. Under basal 
conditions, Vt was electrically negative (lumen referenced to the submucosal surface). 
Perfusion of amiloride (100 \xM) onto the mucosal surface inhibited V t by blocking apical 

30 Na+ channels (Knowles, M. et al (1981) N. Eng. J. Med. 305:1489-1495; Quinton, P.M. 
(1990) FASEB J. 4:2709-2717; Welsh, M.J. (1992) Neuron 8:821-829). Subsequent 
perfusion of terbutaline (10 |iM) a (5-adrenergic agonist, hyperpolarized V t by increasing 
cellular levels of cAMP, opening CFTR CI" channels, and stimulating chloride secretion 
(Quinton, P.M. (1990) FASEB J. 4:2709-2717; Welsh, M.J. et al. (1992) Neuron 8:821-829). 

35 Figure 28A shows results from seven normal subjects: basal V t was -10.5 ± l.OmV, and in 
the presence of amiloride, terbutaline hyperpolarized V t by -2.3 ± 0.5mV. 

In patients with CF, Vt was more electrically negative than in normal subjects (Figure 
28B), as has been previously reported (Knowles, M. et al. (1981) N. Eng. J. Med. 305:1489- 
1495). Basal V t was -37.0 ± 2.4 mV, much more negative than values in normal subjects (P< 
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0.001). (Note the difference in scale in Figure 28 A and Figure 28B). Amiloride inhibited V t , 
as it did in normal subjects. However, V t failed to hyperpolarize when terbutaline was 
perfused onto the epithelium in the presence of amiloride. Instead, Vt either did not change 
or became less negative: on average V t depolarized by +1 .8 ± 0.6 mV, a result very different 
5 from that observed in normal subjects. (P<0.001). 

After Ad2/CFTR-1 was applied, basal Vt became less negative in all three CF 
patients: Figure 29A shows an example from the third patient before (Figure 29A) and after 
(Figure 29B) treatment and Figures 30A, 30C, and 30E show the time course of changes in 
basal V t for all three patients. The decrease in basal V t suggests that application of 

10 Ad2/CFTR-1 corrected the CF electolyte transport defect in nasal epithelium of all three 
patients. Additional evidence came from an examination of the response to terbutaline. 
Figure 30B shows that in contrast to the response before Ad2/CFTR-1 was applied, after 
virus replication, in the presence of amiloride, terbutaline stimulated V t . Figures 30B, 30D, 
and 30F show the time course of the response. These data indicate that Ad2/CFTR-1 

1 5 corrected the CF defect in CI" transport. Correction of the CI" transport defect cannot be 
attributed to the anesthesia/application procedure because it did not occur in patients treated 
with saline instead of Ad2/CFTR-1 (Figure 31). Moreover, the effects of the anesthesia were 
generalized on the nasal mucosa, but basal Vt decreased only in the area of virus 
administration. Finally, similar changes were observed in the left nasal mucosa of the third 

20 patient (Figures 30E and 30F), which had no symptomatic or physical response after the 
modified application procedure. 

Unsuccessful attempts were made to detect CFTR transcripts by reverse transciptase- 
PCR and by immunocytochemistry in cells from nasal brushings and biopsies. Although 
similar studies in animals have been successful (Zabner, J. et al. (1993) Nature Gen. (in 

25 press)), those studies used much higher doses of Ad2/CFTR-1. The lack of success in the 
present case likely reflects the small amount of available tissue, the low MOI, the fact that 
only a fraction of cells may have been corrected, and the fact that Ad2/CFTR-1 contains a 
low to moderate strength promoter (Ela) which produces much less mRNA and protein than 
comparable constructs using a much stronger CMV promoter (unpublished observation). The 

30 Ela promoter was chosen because CFTR normally expressed at very low levels in airway 
epithelial cells (Trapnell, B.C. et al. (1991) Proc. Natl Acad Sci. USA 88:6565-6569). It is 
also difficult to detect CFTR protein and mRNA in normal human airway epithelia, although 
function is readily detected because a single ion channel can conduct a very large number of 
ions per second and thus efficiently support C 1 " transport. 

35 With time, the electrical changes that indicate correction of the CF defect reverted 

toward pretreatment values. However, the basal V t appeared to revert more slowly than did 
the change in Vt produced by terbutaline. The significance of this difference is unknown, but 
it may reflect the relative sensitivity of the two measurements to expression of normal CFTR. 
In any case, this study was not designed to test the duration of correction because the treated 
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area was removed by biopsy on one side and the nasal, mucosa on the other side was brushed 
to obtain cells for analysis at 7 to 10 days after virus administration, and then at 
approximately weekly intervals. Brushing the mucosa removes cells, disrupts the epithelium, 
and reduces basal V t to zero for at least two days afterwards, thus preventing an accurate 
5 assessment of duration of the effect of Ad2/CFTR- 1 . 

Efficacy of adenovirus-mediated gene transfer. 

The major conclusion of this study is that in vivo application of a recombinant 
adenovirus encoding CFTR can correct the defect in airway epithelial CI" transport that is 

1 0 characteristic of CF epithelia. 

Complementation of the CI" channel defect in human nasal epithelium could be 
measured as a change in basal voltage and as a change in the response to cAMP agonists. 
Although the protocol was not designed to establish duration, changes in these parameters 
were detected for at least three weeks. These results represent the first report that 

1 5 administration of a recombinant adenovirus to humans can correct a genetic lesion as 
measured by a functional assay. This study contrasts with most earlier attempts at gene 
transfer to humans, in that a recombinant viral vector was administered directly to humans, 
rather than using a in vitro protocol involving removal of cells from the patient, transduction 
of the cells in culture, followed by reintroduction of the cells into the patient. 

20 Evidence that the CF C 1 " transport defect was corrected at all three doses of virus, 

corresponding to 1, 3, and 25 MOI, was obtained. This result is consistent with earlier 
studies showing that similar MOIs reversed the CF fluid and electrolyte transport defects in 
primary cultures of CF airway cells grown as epithelia on permeable filter supports (Rich, 
D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 

25 publication): at an MOI of less than 1, cAMP-stimulated CI" secretion was partially restored, 
and after treatment with 1 MOI Ad2/CFTR-1 cAMP agonists stimulated fluid secretion that 
was within the range observed in epithelia from normal subjects. At an MOI of 1, a related 
adenovirus vector produced p-galactosidase activity in 20% of infected epithelial cells as 
assessed by fluorescence-activated cell analysis (Zabner et al. submitted for publication). 

30 Such data would imply that pharmacologic dose of adenovirus in CF airways might 

correspond to an MOI of one. If it is estimated that there are 2xl0 6 cells/cm 2 in the airway 
(Mariassy, A.T. in Comparative Biology of the Normal Lung (CRC Press, Boca Raton 1992), 
and that the airways from the trachea to the respiratory bronchioles have a surface area of 
1400 cm 2 (Weibel, E.R. Morphometry of the Human Lung (Springer Verlag, Heidelberg, 

35 1 963) then there would be approximately 3x1 0 9 potential target cells. Assuming a particle to 
IU ratio of 100, this would correspond to approximately 3x1 0 1 1 particles of adenovirus with 
a mass of approximately 75 \xg. While obviously only a crude estimate, such information is 
useful in designing animal experiments to establish the likely safety profile of a human dose. 
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It is possible that an efficacious MOI of recombinant adenovirus could be less than 
the lowest MOI tested here. Some evidence suggests that not all cells in an epithelial 
monolayer need to express CFTR to correct the CF electrolyte transport defects. Mixing 
experiments showed that when perhaps 5-10% of cells overexpress CFTR, the monolayer 
5 exhibits wild-type electrical properties (Johnson, L.G. et al. (1992) Nature Gen. 2:21-25). 
Studies using liposomes to express CFTR in mice bearing a disrupted CFTR gene also 
suggest that only a small proportion of cells need to be corrected (Hyde, S.C et al. (1993) 
Nature 362:250-255). The results referred to above using airway epithelial monolayers and 
multiplicities of Ad2/CFTR-1 as low as 0.1 showed measurable changes in CI" secretion 
10 (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476 and Zabner et al. submitted for 
publication). 

Given the very high sensitivity of electrolyte transport assays (which result because a 
single CI" channel is capable of transporting large numbers of ions/sec) and the low activity 
of the El a promoter used to transcribe CFTR, the inability to detect CFTR protein and CFTR 

1 5 mRNA are perhaps not surprising. Although CFTR mRNA could not be detected by reverse 
transcriptase-PCR, Ad2/CFTR-1 DNA could be detected in the samples by standard PCR , 
demonstrating the presence of input DNA and suggesting that the reverse transcriptase 
reaction may have been suboptimal. This could have occurred because of factors in the tissue 
that inhibit the reverse transcriptase. Although there is little doubt that the changes in 

20 electrolyte transport measured here result from expression of CFTR, it remains to be seen 
whether this will lead to measurable clinical changes in lung function. 

Safety considerations. 

Application of the adenovirus vector to the nasal epithelium in these three patients 

25 was well-tolerated. Although mild inflammation was observed in the nasal epithelium of all 
three patients following administration of Ad2/CFTR-1, similar changes were observed in 
two volunteers who underwent a sham procedure using saline rather than the viral vector. 
Clearly a combination of anesthetic- and procedure-related trauma resulted in the changes in 
the nasal mucosa. There is insufficient evidence to conclude that no inflammation results 

30 from virus administration. However, using a modified administration of the highest MOI of 
virus tested (25 MOI) in one patient, no inflammation was observed under conditions that 
resulted in evidence of biophysical efficacy that lasted until the area was removed by biopsy 
at three days. 

There was no evidence of replication of Ad2/CFTR-1 . Earlier studies had established 
35 that replication of Ad2/CFTR-1 in tissue culture and experimental animals is severely 

impaired (Rich, D.P. et al. (1993) Human Gene Therapy 4:461-476; Zabner, J. et al. (1993) 
Nature Gen, (in press)). Replication only occurs in cells that supply the missing early 
proteins of the El region of adenovirus, such as 293 cells, or under conditions where the El 
region is provided by coinfection with or recombination with an El -containing adenovirus 
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(Graham, FX. and Prevec, L. Vaccines: New Approaches to Immunological Problems (R.W. 
Ellis, ed., Boston, Butterworth-Heinermann, 1992); Berkner, K.L. (1988) Biotechniques 
6:616-629). The patients studied here were seropositive for adenovirus types 2 and 5 prior to 
the study were negative for adenovirus upon culture of nasal swabs prior to administration of 
5 Ad2/CFTR-1, and were shown by PGR methods to lack endogenous El DNA sequences such 
as have been reported in some human subjects (Matsuse T. et al. (1992) Am. Rev. Respir. Dis. 
146:177-184). 

Example 1 1 - Con struction and Packaging of Pseudo Adenoviral Vector (PAV) 

1 0 With reference to Figure 32, the PAV construct was made by inserting the Ad2 

packaging signal and El enhancer region (0-358 nt) in Bluescript II SK- (Stratagene, LaJolla, 
CA). A variation of this vector, known as PAV II was constructed similarly, except the Ad2 
packaging signal and El enhancer region contained 0-380 nt. The addition of nucleotides at 
the 5 ! end results in larger PAVs, which may be more efficiently packaged, yet would include 

1 5 more adenoviral sequences and therefore could potentially be more immunogenic or more 
capable of replicating. 

To allow ease of manipulation for either the insertion of gene coding regions or 
complete excision and use in transfections for the purpose of generating infectious particles, a 
complementary plasmid was also built in pBluescript SKII-. This complementary plasmid 

20 contains the Ad2 major late promoter (MLP) and tripartite leader (TPL) DNA and an SV40 
T-antigen nuclear localization signal (NLS) and polyadenylation signal (SVpA). As can be 
seen in Figure 32, this plasmid contains a convenient restriction site for the insertion of genes 
of interest between the MLP/TPL and SV40 poly A. This construct is engineered such that 
the entire cassette may be excised and inserted into the former PAV I or PAV II construct. 

25 Generation of PAV infectious particles was performed by excision of PAV from the 

plasmid with the Apa I and £a£ II restriction endonucleases and co-transfection into 293 cells 
(an Ela/Elb expressing cell line) (Graham, F.L. et al, (1977) 1 Gen Virol 36:59-74) with 
either wild-type Ad2, or packaging/replication deficient helper virus. Purification of PAV 
from helper can be accompanied by CsCl gradient isolation as PAV viral particles will be of a 
. 30 lower density and will band at a higher position in the gradient. 

For gene therapy, it is desirable to generate significant quantities of PAV virion free 
from contaminating helper virus. The primary advantage of PAV over standard adenoviral 
vectors is the ability to package large DNA inserts into virion (up to about 36 kb). However, 
PAV requires a helper virus for replication and packaging and this helper virus will be the 

35 predominant species in any PAV preparation. To increase the proportion of PAV in viral 
preparation several approaches can be employed. For example, one can use a helper virus 
which is partially defective for packaging into virions (either by virtue of mutations in the 
packaging sequences (Grable, M. and Hearing P. (1992) J. Virol 66: 723-731)) or by virtue 
of its size -viruses with genome sizes greater than approximately 37.5 kb package 
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inefficiently. In mixed infections with packaging defective virus, PAV would be expected to 
be represented at higher levels in the virus mixture than would occur with non-packaging 
defective helper viruses. 

Another approach is to make the helper virus dependent upon PAV for its own 
5 replication. This may most easily be accomplished by deleting an essential gene from the 
helper virus (e.g. IX or a terminal protein) and placing that gene in the PAV vector. In this 
way neither PAV nor the helper virus is capable of independent replication - PAV and the 
helper virus are therefore co-dependent. This should result in higher PAV representation in 
the resulting virus preparation. 

1 0 A third approach is to develop a novel packaging cell line, which is capable of 

generating significant quantities of PAV virion free from contaminating helper virus. A 
novel protein IX, (pIX) packaging system has been developed. This system exploits several 
documented features of adenovirus molecular biology. The first is that adenoviral defective 
particles are known to comprise up to 30% or more of standard wild-type adenoviral 

1 5 preparations. These defective or incomplete particles are stable and contain 15-95% of the 
adenoviral genome, typically 15-30%. Packaging of a PAV genome (15-30% of wild-type 
genome) should package comparably. Secondly, stable packaging of full-length Ad genome 
but not genomes <95% required the presence of the adenoviral gene designated pIX. 
The novel packaging system is based on the generation of an Ad protein pIX 

20 expressing 293 cell line. In addition, an adenoviral helper virus engineered such that the El 
region is deleted but enough exogenous material is inserted to equal or slightly exceed the 
full length 36 kb size. Both of these two constructs would be introduced into the 293/pIX 
cell line as purified DNA. In the presence of pIX, yields of both predicted progeny viruses as 
seen in current PAV/Ad2 production experiments can be obtained. Virus containing lysates 

25 from these cells can then be titered independently (for the marker gene activity specific to 
either vector) and used to infect standard 293 (lacking pIX) at a multiplicity of infection of 1 
relative to PAV. Since research with this line as well as from incomplete or defective particle 
research indicates that full length genomes have a competitive packaging advantage, it is 
expected that infection with an MOI of 1 relative to PAV will necessarily equate to an 

30 effective MOI for helper of greater than 1 . All cells will presumably contain both PAV (at 
least 1) and helper (greater than 1). Replication and viral capsid production in this cell 
should occur normally but only PAV genomes should be packaged. Harvesting these 
293/pIX cultures is expected to yield essentially helper-free PAV. 

35 Exam ple 12 - Construction of Ad2-E4/ORF 6 

Ad2-E4/ORF6 (Figure 33 shows the plasmid construction of Ad2-E4/ORF6) which is 
an adenovirus 2 based vector deleted for all Ad2 sequences between nucleotides 32815 and 
35577. This deletion removes all open reading frames of E4 but leaves the E4 promoter and 
first 32-37 nucleotides of the E4 mRNA intact. In place of the deleted sequences, a DNA 
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fragment encoding ORF6 (Ad2 nucleotides 34082-33178) which was derived by polymerase 
chain reaction of Ad2 DNA with ORF6 specific DNA primers 

(Genzyme oligo. # 2371 - CGGATCCTTTATTATAGGGGAAGTCCACGCCTAC (SEQ. 
ID NO:8) and oligo. #2372 - CGGGATCCATCGATGAAATATGACTACGTCCG (SEQ. 
5 ID NO:9) were inserted). Additional sequences supplied by the oligonucleotides included a 
cloning site at the 5' and 3' ends of the PCR fragment (Clal and BamHl respectively) and a 
polyadenylation sequence at the 3' end to ensure correct polyadenylation of the ORF6 
mRNA. As illustrated in Figure 33, the PCR fragment was first ligated to a DNA fragment 
including the inverted terminal repeat (ITR) and E4 promoter region of Ad2 (Ad2 nucleotides 

1 0 35937-35577) and cloned in the bacterial plasmid pBluescript (Stratagene) to create plasmid 
ORF6. After sequencing to verify the integrity of the ORF6 reading frame, the fragment 
encompassing the ITR and ORF6 was subcloned into a second plasmid, pAd A E4, which 
contains the 3' end of Ad2 from a Sag I site to the 3' ITR (Ad2 nucleotides 28562-35937) and 
is deleted for all E4 sequences (promoter to poly A site Ad2 positions 32815-35641) using 

15 flanking restriction sites. In this second plasmid, virus expressing only E4 ORF6, pAdORF6 
was cut with restriction enzyme Pad and ligated to Ad2 DNA digested with Pad . This Pael 
site corresponds to Ad2 nucleotide 28612. 293 cells were transfected with the ligation and 
the resulting virus was subjected to restriction analysis to verify that the Ad2 E4 region had 
been substituted with the corresponding region of pAdORF6 and that the only remaining E4 

20 open reading frame was ORF6. 

A cell line could in theory be established that would fully complement E4 functions 
deleted from a recombinant virus. The problem with this approach is that E4 functions in the 
regulation of host cell protein synthesis and is therefore toxic to cells. The present 
recombinant adenoviruses are deleted for the El region and must be grown in 293 cells which 

25 complement El functions. The E4 promoter is activated by the Ela gene product, and 

therefore to prevent inadvertent toxic expression of E4 transcription of E4 must be tightly 
regulated. The requirements of such a promoter or transactivating system is that in the 
uninduced state expression must be low enough to avoid toxicity to the host cell, but in the 
induced state must be sufficiently activated to make enough E4 gene product to complement 

30 the E4 deleted virus during virus production. 



Example 13 

An adenoviral vector is prepared as described in Example 7 while substituting the 
phosphoglycerate kinase (PGK) promoter for the Ela promoter. 

35 

Example H 

An adenoviral vector is prepared as described in Example 1 1 while substituting the 
PGK promoter for the Ad2 major late promoter (MLP). 
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Example 15: Generation of Ad2-OR F6/PGK-CFTR 

This protocol uses a second generation adenovirus vector named Ad2-ORF6/PGK- 
CFTR. This virus lacks El and in its place contains a modified transcription unit with the 
PGK promoter and a poly A addition site flanking the CFTR cDNA. The PGK promoter is 
5 of only moderate strength but is long lasting and not subject to shut off. The E4 region of the 
vector has also been modified in that the whole coding sequence has been removed and 
replaced by ORF6, the only E4 gene essential for growth of Ad in tissue culture. This has the 
effect of generating a genome of 101% the size of wild type Ad2. 

The DNA construct comprises a full length copy of the Ad2 genome from which the 

1 0 early region 1 (El ) genes (present at the 5 ! end of the viral genome) have been deleted and 
replaced by an expression cassette encoding CFTR. The expression cassette includes the 
promoter for phosphoglycerate kinase (PGK) and a polyadenylation (poly A) addition signal 
from the bovine growth hormone gene (BGH). In addition, the E4 region of Ad2 has been 
deleted and replaced with only open reading frame 6 (ORF6) of the Ad2 E4 region. The 

1 5 adenovirus vector is referred to as AD2-ORF6/PGK-CFTR and is illustrated schematically in 
Figure 34. The entire wild-type Ad2 genome has been previously sequenced (Roberts, R.J., 
(1986) In Adenovirus DNA, W. Oberfler, editor, Matinus Nihoff Publishing, Boston) and the 
existing numbering system has been adopted here when referring to the wild type genome. 
Ad2 genomic regions flanking El and E4 deletions, and insertions into the genome are being 

20 completely sequenced. 

The Ad2-ORF6/PGK-CFTR construct differs from the one used in our earlier 
protocol (Ad2/CFTR-1) in that the latter utilized the endogenous El a promoter, had no poly 
A addition signal directly downstream of CFTR and retained an intact E4 region. The 
properties of Ad2/CFTR-1 in tissue culture and in animal studies have been reported (Rich et 

25 al., (1993) Human Gene Therapy 4:461-467; and Zabner et al. (1993) Nature Genetics (in 
Press). 

At the 5' end of the genome, nucleotides 357 to 3328 of Ad2 have been deleted and 
replaced with (in order 5' to 3 1 ) 22 nucleotides of linker, 534 nucleotides of the PGK 
promoter, 86 nucleotides of linker, nucleotides 123-4622 of the published CFTR sequence 

30 (Riordan et al. (1989) Science 245:1066-1073), 21 nucleotides of linker, and a 32 nucleotide 
synthetic BGH poly A addition signal followed by a final 1 1 nucleotides of linker. The 
topology of the 5' end of the recombinant molecule is illustrated in Figure 34. 

At the 3' end of the genome of Ad2-ORF6/PGK-CFTR, Ad2 sequences between 
nucleotides 32815 and 35577 have been deleted to remove all open reading frames of E4 but 

35 retain the E4 promoter, the E4 cap sites and first 32-37 nucleotides of E4 mRNA. The 
deleted sequences were replaced with a fragment derived by PCR which contains open 
reading frame 6 of Ad2 (nucleotides 34082-33 178) and a synthetic poly A addition signal. 
The topology of the 3 1 end of the molecule is shown in Figure 34. The sequence of this 
segment of the molecule will be confirmed. The remainder of the Ad2 viral DNA sequence is 
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published in Roberts, R.J. in Adenovirus DNA. (W. Oberfler, Matinus Nihoff Publishing, 
Boston, 1986 ). The overall size of the Ad2-ORF6/PGK-CFTR vector is 36,336 bp which is 
101.3% of full length Ad2. See Table III for the sequence of Ad2-ORF6/PGK-CFTR. 
The CFTR transcript is predicted to initiate at one of three closely spaced 
5 transcriptional start sites in the cloned PGK promoter (Singer-Sam et al. (1 984) Gene 32:409- 
417) at nucleotides 828, 829 and 837 of the recombinant vector (Singer-Sam et al. (1984) 
Gene 32:409-417). A hybrid 5* untranslated region is comprised of 72, 80 or 81 nucleotides 
of PGK promoter region, 86 nucleotide of linker sequence, and 10 nucleotides derived from 
the CFTR insert. Transcriptional termination is expected to be directed by the BGH poly A 

1 0 addition signal at recombinant vector nucleotide 5530 yielding an approximately 4.7 kb 
transcript. The CFTR coding region comprises nucleotides 1010-5454 of the recombinant 
virus and nucleotides 182, 181 or 173 to 4624, 4623, or 4615 of the PGK-CFTR-BGH 
mRNA respectively, depending on which transcriptional initiation site is used. Within the 
CFTR cDNA there are two differences from the published (Riordan et al, cited supra) cDNA 

15 sequence. An A to C change at position 1990 of the CFTR cDNA (published CFTR cDNA 
coordinates) which was an error in the original published sequence, and a T to C change 
introduced at position 936. The change at position 936 is translationally silent but increases 
the stability of the cDNA when propagated in bacterial plasmids (Gregory et al. (1990) 
Nature 347:382-386; and Cheng et al. (1990) Cell 63:827-834). The 3' untranslated region of 

20 the predicted CFTR transcript comprises 21 nucleotides of linker sequence and 
approximately 10 nucleotides of synthetic BGH poly A additional signal. 

Although the activity of CFTR can be measured by electrophysiological methods, it is 
relatively difficult to detect biochemically or immunocytochemically, particularly at low 
levels of expression (Gregory et al., cited supra; and Denning et al. (1992) J. Cell Biol. 

25 118:551 -559). A high expression level reporter gene encoding the E. coli (J galactosidase 
protein fused to a nuclear localization signal derived from the S V40 T-antigen was therefore 
constructed. Reporter gene transcription is driven by the powerful CMV early gene 
constitutive promoter. Specifically, the El region of wild type Ad2 between nucleotides 357- 
3498 has been deleted and replaced it with a 515 bp fragment containing the CMV promoter 

30 and a 3252 bp fragment encoding the p galactosidase gene. 

Regulatory Characteristics of the Elements of the AD2-ORF6/PGK-CFTR 

In general terms, the vector is similar to several earlier adenovirus vectors encoding 
CFTR but it differs in three specific ways from the Ad2/CFTR-1 construct. 



35 



PGK Promoter 

Transcription of CFTR is from the PGK promoter. This is a promoter of only 
moderate strength but because it is a so-called house keeping promoter we considered it more 
likely to be capable of long term albeit perhaps low level expression. It may also be less 
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likely to be subject to "shut-down" than some of the very strong promoters used in other 
studies especially with retroviruses. Since CFTR is not an abundant protein longevity of 
expression is probably more critical than high level expression. Expression from the PGK 
promoter in a retrovirus vector has been shown to be long lasting (Apperley et al. (1991) 
5 £W78:310-317). 

Polvadenvlation Signal 

Ad2-ORG6/PGK-CFTR contains an exogenous poly A addition signal after the CFTR 
coding region and prior to the protein IX coding sequence of the Ad2 El region. Since 

1 0 protein is believed to be involved in packaging of virions, this coding region was retained. 
Furthermore, since protein IX is synthesized from a separate transcript with its own promoter, 
to prevent possible promoter occlusion at the protein IX promoter, the BGH poly A addition 
signal was inserted. There is indirect evidence that promoter occlusion can be problematic in 
that Ad2/CMV pGal grows to lower viral titers on 293 cells than does Ad2/pgal-l . These 

1 5 constructs are identical except for the promoter used for p galactosidase expression. Since 
the CMV promoter is much stronger than the El a promoter it is probable that abundant 
transcription from the CMV promoter through the p galactosidase DNA into the protein IX 
coding region reduces expression of protein IX from its own promoter by promoter occlusion 
and that this is responsible for the lower titer of Ad2/CMV-pgal obtained. 

20 

Alterations of the E4 Region 

A large portion of the E4 region of the Ad2 genome has been deleted for two reasons. 
The first reason is to decrease the size of the vector used or expression of CFTR. Adenovirus 
vectors with genomes much larger than wild type are packaged less efficiently and are 

25 therefore difficult to grow to high titer. The combination of the deletions in the El and E4 
regions in Ad2-ORF6/PGK-CFTR reduce the genome size to 101% of wild type. In practice 
it is straightforward to prepare high titer lots of this virus. 

The second reason to remove E4 sequences relates to the safety of adenovirus vectors. 
A goal of these studies is to remove as many viral genes as possible to inactive the Ad2 virus 

30 backbone in as many ways as possible. The OF 6/7 gene of the E4 region encodes a protein 
that is involved in activation of the cellular transcription factor E2-F which is in turn 
implicated in the activation of the E2 region of adenovirus (Hemstrom et al. (1991) J. Virol 
65:1440-1449). Therefore removal of ORF6/7 from adenovirus vectors may provide a further 
margin of safety at least when grown in non-proliferating cells. The removal of the El region 

35 already renders such vectors disabled, in part because El a, if present, is able to displace E2-F 
from the retinoblastoma gene product, thereby also contributing to the stimulation of E2 
transcription. The ORF6 reading frame of Ad2 was added back to the E1-E4 backbone of the 
Ad2-ORF6/PGK-CFTR vector because ORF6 function is essential for production of the 
recombinant virus in 293 cells. ORF6 is believed to be involved in DNA replication, host 
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cell shut off and late mRJsfA accumulation in the normal adenovirus life cycle. The E1-E4- 
ORF6 + backbone Ad2 vector does replicate in 293 cells. 

The promoter/enhancer use to drive transcription of ORF6 of E4 is the endogenous E4 
promoter. This promoter requires El a for activation and contains El a core enhancer 
5 elements and SP1 transcription factor binding sites (reviewed in Berk, A.J. (1986) Ann. Rev. 
Genet 20:75-79). 

Replication Origin 

The only replication origins present in Ad2-ORF6/PGK-CFTR are those present in 
1 0 the Ad2 parent genome. Replication of Ad2-ORF6/PGK-CFTR sequences has not been 
detected except when complemented with wild type El activity. 



Steps Ured to Derive the DNA Construct 

Construction of the recombinant Ad2-ORF6/PGK-CFTR virus was accomplished by 

1 5 in vivo recombination of Ad2-ORF6 DNA and a plasmid containing the 5' 1 0.7 kb of 
adenovirus engineered to have an expression cassette encoding the human CFTR cDNA 
driven by the PGK promoter and a BGH poly A signal in place of the El coding region. 

The generation of the plasmid, pBRAd2/PGK-CFTR is described here. The starting 
plasmid contains an approximately 7.5 kb insert cloned into the Clal and BamHI sites of 

20 pBR322 and comprises the first 10,680 nucleotides of Ad2 with a deletion of the Ad2 
sequences between nucleotides 356 and 3328. This plasmid contains a CMV promoter 
inserted into the Clal and Spel sites at the region of the El deletion and is designated 
pBRAd2/CMV. The plasmid also contains the Ad2 5' ITR, packaging and replication 
sequences and El enhancer. The El promoter, Ela and most of Elb coding region has been 

25 deleted. The 3 ! terminal portion of the Elb coding region coincides with the pIX promoter 
which was retained. The CMV promoter was removed and replaced with the PGK promoter 
as a Clal and gpel fragment from the plasmid PGK-GCR. The resulting plasmid, 
pBRAd2/PGK, was digested with Anil and BstBI and the excised fragment replaced with the 
Spel to BstBI fragment from the plasmid construct pAd2Ela/CFTR. This transferred a 

30 fragment containing the CFTR cDNA, BGH poly A signal and the Ad2 genomic sequences 
from 3327 to 10,670. The resulting plasmid is designated pBRAd2/PGK-CFTR. The CFTR 
cDNA fragment was originally derived from the plasmid pCMV-CFTR-936C using 
restriction enzymes Spel and Eel 13 611 . pCMV-CFTR-936C consists of a minimal CFTR 
cDNA encompassing nucleotides 123-4622 of the published CFTR sequence cloned into the 

35 multiple cloning site of pRC/CMV (Invitrogen Corp.) using synthetic linkers. The CFTR 
cDNA within this plasmid has been completely sequenced. 

The Ad2 backbone virus with the E4 region that expresses only open reading frame 6 
was constructed as follows. A DNA fragment encoding ORF6 (Ad2 nucleotides 34082- 
33178) was derived by PCR with ORF6 specific DNA primers. Additional sequences 
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supplied by the oligonucleotides include cloning sites at the 5' and 3' ends of the PCR 
fragment. (£lal and BamHI respectively) and a poly A addition sequence AATAAA at the 3' 
end to ensure correct polyadenylation of ORF6 mRNA. The PCR fragment was cloned into 
pBluescript (Stratagene) along with an Ad2 fragment (nucleotides 35937-35577) containing 
5 the inverted terminal repeat, E4 promoter, E4 mRNA cap sites and first 32-37 nucleotides of 
E4 mRNA to create pORF6. A Sall- BamHI fragment encompassing the ITR and ORF6 was 
used to replace the Sall-BamHI fragment encompassing the ITR and E4 deletion in pAdAE4 
contains the 3' end of Ad2 from a £pe[ site to the 3* ITR (nucleotides 27123-35937) and is 
deleted for all E4 sequences including the promoter and poly A signal (nucleotides 32815- 
10 35641). The resulting construct, pAdE40RF6 was cut with EasI and ligated to Ad2 DNA 
digested with Pad nucleotide 28612). 293 cells were transfected with the ligation reaction to 
generate virus containing only open reading frame 6 from the E4 region. 

in Yitrp Studies with A^ORFfrPGK-CFTR 

15 The ability of Ad2-ORF6/PGK-CFTR to express CFTR in several cell lines, including 

human HeLa cells, human 293 cells, and primary cultures of normal and CF human airway 
epithelia was tested. As an example, the results from the human 293 cells is related here. 
When human 293 cells were grown on culture dishes, the vector was able to transfer CFTR 
cDNA and express CFTR as assessed by immunoprecipitation and by functional assays of 

20 halide efflux. Gregory, R.J. et al. (1990) Nature 347:382-386; Cheng, S.H. et al. (1990) Cell 
63:827-834. More specifically, procedures for preparing cell lysates, immunoprecipitation of . 
proteins using anti-CFTR antibodies, one-dimensional peptide analysis and SDS- 
polyacrylamide gel electrophoresis were as described by Cheng et al. Cheng, S.H. et al. 
(1990) Cell 63:827-834. Halide efflux assays were performed as described by Cheng, S.H. et 

25 al. (1991) Cell 66: 1027-1036. cAMP-stimulated CFTR chloride channel activity was 

measured using the halide sensitive fluorophore SPQ in 293 cells treated with 500 IU/cell 
Ad2-ORF6/PGK-CFTR. Stimulation of the infected cells with forskolin (20 \iM) and IBMX 
(100 jam) increased SPQ fluorescence indicating the presence of functional chloride channels 
produced by the vector. 

30 Additional studies using primary cultures of human airway (nasal polyp) epithelial 

cells (from CF patients) infected with Ad2-ORF6/PGK-CFTR demonstrated that Ad2- 
ORF6/PGK-CFTR infection of the nasal polyp epithelial cells resulted in the expression of 
cAMP dependent CI" channels. Figure 35 is an example of the results obtained from such 
studies. Primary cultures of CF nasal polyp epithelial cells were infected with Ad2- 

35 ORF6/PGK-CFTR at multiplicities of 0.3, 3, and 50. Three days post infection, monlayers 
were mounted in Ussing chambers and short-circuit current was measured. At the indicated 
times: (1) 10 ^iM amiloride, (2) cAMP agonists (10 |iM forskolin and 100 IBMX), and 
(3) 1 mM diphenylamine-2-carboxylate were added to the mucosal solution. 
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In Vivo Studies with Ad2-ORF6/PGK-CFTR 

Virus preparation 

Two preparations of Ad2-ORF6/PGK-CFTR virus were used in this study. Both were 
5 prepared at Genzyme Corporation, in a Research Laboratory. The preparations were purified 
on a CsCl gradient and then dialyzed against tris-buffered saline to remove the CsCl. The 
preparation for the first administration (lot #2) had a titer of 2 x 10*0 IU/ml. The preparation 
for the second administration (lot #6) had a titer of 4 x 10 10 IU/ml. 

10 Animals 

Three female Rhesus monkeys, Macaca mulatta, were used for this study. Monkey C 
(#20046) weighed 6.4 kg. Monkey D (#20047) weighed 6.25 kg. Monkey E (#20048) 
weighed 10 kg. The monkeys were housed in the University of Iowa at least 360 days before 
the start of the study. The animals were maintained with free access to food and water 

1 5 throughout the study. The animals were part of a safety study and efficacy study for a 
different viral vector (Ad2/CFTR-1) and they were exposed to 3 nasal viral instillation 
throughout the year. The previous instillation of Ad2/CFTR-1 was performed 1 1 6 days prior 
to the initiation of this study. All three Rhesus monkeys had an anti-adenoviral antibody 
response as detected by ELISA after each viral instillation. There are no known contaminants 

20 that are expected to interfere with the outcome of this study. Fluorescent lighting was 
controlled to automatically provide alternate light/dark cycles of approximately 12 hours 
each. The monkeys were housed in an isolation room in separate cages. Strict respiratory 
and body fluid isolation precautions were taken. 

25 Virus administration 

For application of the virus, the monkeys were anesthetized by intramuscular injection 
of ketamine (15 mg/kg). The entire epithelium of one nasal cavity in each monkey was used 
for this study. A foley catheter (size 10) was inserted through each nasal cavity into the 
pharynx, the balloon was inflated with a 2-3 ml of air, and then pulled anteriorly to obtain a 

30 tight occlusion at the posterior choana. The Ad2-ORF6/PGK-CFTR virus was then instilled 
slowly into the right nostril with the posterior balloon inflated. The viral solution remained 
in contact with the nasal mucosa for 30 min. The balloons were deflated, the catheters were 
removed, and the monkeys were allowed to recover from anesthesia. 

On the first administration, the viral preparation had a titer of 2 x lO 1 ^ IU/ml and 

35 each monkey received approximately 0.3 ml. Thus the total dose applied to each monkey 
was approximately 6.5 x 10^ IU. This total dose is approximately half the highest dose 
proposed for the human study. When considered on a IU/kg basis, a 6 kg monkey received a 
dose approximately 3 times greater that the highest proposed dose for a 60 kg human. 
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Timing of evaluations, 

The animals were evaluated on the day of administration, and on days 3, 7, 24, 38, 
and 44 days after infection. The second administration of virus occurred on day 44. The 
monkeys were evaluated on day 48 and then on days 55, 62, and 129. 

5 For evaluations, monkeys were anesthetized by intramuscular injection of ketamine 

(15 mg/kg). To obtain nasal epithelial cells after the first viral administration, the nasal 
mucosa was first impregnated with 5 drops of Afrin (0.05% oxymetazoline hydrochloride, 
Schering-Plough) and 1 ml of 2% Lidocaine for 5 minutes. A cytobrush was then used to 
gently rub the mucosa for about 3 sec. To obtain pharyngeal epithelial swabs, a cotton-tipped 

1 0 applicator was rubbed over the back of the pharynx 2-3 times. The resulting cells were 
dislodged from brushes or applicators into 2 ml of sterile PBS. After the second 
administration of Ad2-ORF6/PGK-CFTR, the monkeys were followed clinically for 3 weeks, 
and mucosal biopsies were obtained from the monkeys medial turbinate at days 4, 1 1 and 1 8. 

15 Animal evaluation. 

Animals were evaluated daily for evidence of abnormal behavior of physical signs. A 
record of food and fluid intake was used to assess appetite and general health. Stool 
consistency was also recorded to check for the possibility of diarrhea. At each of the 
evaluation time points, rectal temperature, respiratory rate, and heart rate were measured. 

20 The nasal mucosa, conjuctivas and pharynx were visually inspected. The monkeys were also 
examined for lymphadenopathy. 

Hematology and serum chemistry 

Venous blood from the monkeys was collected by standard venipuncture technique. 
25 Blood/serum analysis was performed in the clinical laboratory of the University of Iowa 
Hospitals and Clinics using a Hitatchi 737 automated chemistry analyzer and a Technicom 
H6 automated hematology analyzer. 

Serology 

30 Sera from the monkeys were obtained and anti-adenoviral antibody titers were 

measured by ELISA. For the ELISA, 50 ng/well of killed adenovirus (Lee Biomolecular 
Research Laboratories, San Diego, Ca) was coated in 0.1M NaHC03 at 4° C overnight on 96 
well plates. The test samples at appropriate dilutions were added, starting at a dilution of 
1/50. The samples were incubated for 1 hour, the plates washed, and a goat anti-human IgG 

35 HRP conjugate (Jackson ImmunoResearch Laboratories, West Grove, PA) was added for 1 
hour. The plates were washed and O-Phenylenediamine (OPD) (Sigma Chemical Co., St. 
Louis, MO) was added for 30 min. at room temperature. The assay was stopped with 4.5 M 
H2SO4 and read at 490 nm on a Molecular Devises microplate reader. The titer was 
calculated as the product of the reciprocal of the initial dilution and the reciprocal of the 
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dilution in the last well with an OD>0. 100. Nasal washings from the monkeys were obtained 
and anti-adenoviral antibody titers were measured by ELISA, starting at a dilution of 1/4. 

Nasa) Washings, 

5 Nasal washings were obtained to test for the possibility of secretory antibodies that 

could act as neutralizing antibodies. Three ml of sterile PBS was slowly instilled into the 
nasal cavity of the monkeys, the fluid was collected by gravity. The washings were 
centrifuged at 1000 RPM for 5 minutes and the supernatant was used for anti-adenoviral, and 
neutralizing antibody measurement. 

10 

Cytology 

Cells were obtained from the monkey f s nasal epithelium by gently rubbing the nasal 
mucosa for about 3 seconds with a cytobrush. The resulting cells were dislodged from the 
brushes into 2 ml of PBS. The cell suspension was spun at 5000 rpm for 5 min. and 
15 resuspended in 293 media at a concentration of 10^ cells/ml. Forty |ul of the cell suspension 
was placed on slides using a Cytospin. Cytospin slides were stained with Wrights stain and 
analyzed for cell differential using light microscopy. 

Culture for Ad2-ORF 6/PFK-CFTR 

20 To assess for the presence of infectious viral particles, the supernatant from the nasal 

brushings and pharyngeal swabs of the monkeys were used. Twenty-five jil of the 
supernatant was added in duplicate to 293 cells. 293 cells were used at 50% confluence and 
were seeded in 96 well plates. 293 cells were incubated for 72 hours at 37°C, then fixed with 
a mixture of equal parts of methanol and acetone for 10 min and incubated with an FITC 

25 label anti-adenovirus monoclonal antibodies (Chemicon, Light Diagnostics, Temecuca, Ca) 
for 30 min. Positive nuclear immunofluorescence was interpreted as positive culture. 

Immunocytochemistrv for the detection of CFTR. 

Cells were obtained by brushing. Eighty jil of cell suspension were spun onto gelatin- 

30 coated slides. The slides were allowed to air dry, and then fixed with 4% paraformaldehyde. 
The cells were permeabilized with 0.2 Triton-X (Pierce, Rockford, II) and then blocked for 60 
minutes with 5% goat serum (Sigma, Mo). A pool of monoclonal antibodies (Ml 3-1, Ml -4, 
and M6-4) (Gregory et al., (1 990) Nature 347:382-386); Denning et al., (1 992) 1 Cell Biol 
1 18:(3) 551-559); Denning et al., (1992) Nature 358:761-764) were added and incubated for 

35 12 hours. The primary antibody was washed off and an antimouse biotinylated antibody 
(Biomeda, Foster City, Ca) was added. After washing, the secondary antibody, streptavidin 
FITC (Biomeda, Foster City, Ca) was added and the slides were observed with a laser 
scanning confocal microscope. 
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Piopsies 

To assess for histologic evidence of safety, nasal medial turbinate biopsies were 
obtained on day 4, 1 1 and 18 after the second viral administration as described before 
(Zabner et al (1993) Human Gene Therapy, in press). Nasal biopsies were fixed in 4% 
5 formaldehyde and H&E stained sections were reviewed. 

RESULTS 

Studies of efficacy. 

1 0 To directly assess the presence of CFTR, cells obtained by brushing were plated onto 

slides by cytospin and stained with antibodies to CFTR. A positive reaction is clearly evident 
in cells exposed to Ad2-ORF6/PGK-CFTR. The cells were scored as positive by 
immunocytochemistry when evaluated by a reader blinded to the identity of the samples. 
Cells obtained prior to infection and from other untreated monkeys were used as negative 

15 controls. Figures 36A-36D, 37A-37D, and 38A-38D show examples from each monkey. 



Studies of safety 

None of the monkeys developed any clinical signs of viral infections or inflammation. 

20 There were no visible abnormalities at days 3, 4, 7 or on weekly inspection thereafter. 

Physical examination revealed no fever, lymphadenopathy, conjunctivitis, coryza, tachypnea, 
or tachycardia at any of the time points. There was no cough, sneezing or diarrhea. The 
monkeys had no fever. Appetites and weights were not affected by virus administration in 
either monkey. The data are summarized in Figures 39A-39C. 

25 The presence of live virus was tested in the supernatant of cell suspensions from 

swabs and brushes from each nostril and the pharynx. Each supernatant was used to infect 
the virus-sensitive 293 cell line. Live virus was never detected at any of the time points. The 
rapid loss of live virus suggests that there was no viral replication. 

The results of complete blood counts, sedimentation rate, and clinical chemistries are 

30 shown in Figure 40A-40C. There was no evidence of a systemic inflammatory response or 
other abnormalities of the clinical chemistries. 

Epithelial inflammation was assessed by cytological examination of Wright-stained 
cells (cytospin) obtained from brushings of the nasal epithelium. The percentage of 
neutrophils and lymphocytes from the infected nostrils were compared to those of the control 
. 35 nostrils and values from four control monkeys. Wright stains of cells from nasal brushing 
were performed on each of the evaluation days. Neutrophils and lymphocytes accounted for 
less than 5% of total cells at all time points. The data are shown in Figure 41 . The data 
indicate that administration of Ad2-ORF6/PGK-CFTR caused no change in the distribution 
or number of inflammatory cells at any of the time points following virus administration, 
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even during a second administration of the virus. The biopsy slides obtained after the second 
Ad2-ORF6/PGK-CFTR administration were reviewed by an independent pathologist, who 
found no evidence of inflammation or any other cytopathic effects. Figures 42 to 44 show an 
example from each monkey. 
5 Figures 45A-45C shows that all three monkeys had developed antibody titers to 

adenovirus prior to the first infection with Ad2-ORF6/PGK-CFTR (Zabner et al. (1993) 
Human Gene Therapy (in press)). Antibody titers measured by ELISA rose within one week 
after the first and second administration and peaked at day 24. No anti-adenoviral antibodies 
were detected by ELISA or neutralizing assay in nasal washings of any of the monkeys. 

1 0 These results combined with demonstrate the ability of a recombinant adenovirus 

encoding CFTR (Ad2-ORF6/PGK-CFTR) to express CFTR cDNA in the airway epithelium 
of monkeys. These monkeys have been followed clinically for 12 months after the first viral 
administration and no complications have been observed. 

The results of the safety studies are encouraging. No evidence of viral replication was 

1 5 found; infectious viral particles were rapidly cleared. The other major consideration for 
safety of an adenovirus vector in the treatment of CF is the possibility of an inflammatory 
response. The data indicate that the virus generated an antibody response, but despite this, no 
evidence of a systemic or local inflammatory response was observed. The cells obtained by 
brushings and swabs were not altered by virus application. Since these Monkeys had been 

20 previously exposed three times to Ad2/CFTR-1 , these data suggest that at least five 
sequential exposures of airway epithelium to adenovirus does not cause a detrimental 
inflammatory response. 

These data indicate that Ad2-ORF6/PGK-CFTR can effectively transfer CFTR cDNA 
to airway epithelium and direct the expression of CFTR, They also indicate that transfer and 

25 expression is safe in primates. 

Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents of the specific embodiments of the invention 
30 described herein. Such equivalents are intended to be encompassed by the following claims. 
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Table II. - 

10 20 30 «0 50 60 

CATCATCAAT AATATACCTT ATXTTGGATT GAACCO^TA gMEMTOg GCCCTCCAgT 
GTAGTAGTTA TTATATGGAA TAAAACCTAA CTTCGPTTAT AfTATTACTC CCCCACCTCA 
INVERTED TERMINAL REPETITI0N-0RIGI1I OF REPLICATION . 60> 



70 80 90 



100 X10 120 



TTGTGACGTG GCGCGGGGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG ^JAGTGT 
AACACTGCAC CGCCSCCCCGC ACCCTTGCCC CGCCCACTTC ATCATCACAC CGCCTTCACA 
INVERTED TERMINAL REPETITION-ORIGIN OF R > 

130 140 150 160 * 170 180 

.GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCTCGATG ^AAAAGT GACGTTTTTG 
CTACAACGTT CACACCGCCT TGTGTACATT CGCGGCCTAC ACCATTTTCA CTGCAAAAAC 

190 200 210 220 2310' 240 

GTGTGCGCCG GTGTATACGG GAAGTGACAA TTITCGCGCG GITTTAGG^ GATGTTGTAG 
CACACGCGGC CACATATGCC CTTCACTGTT AAAAGCGCGC CAAAATCTOC CTACAACATC 
b ENHANCER AND VIRAL PACKAGING DOMAIN 50_> 

250 260 270 280 290 300 

TAAATTTGGG CGTAACCAAG TAATGTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 
ATT^AAACCC ^T^Sx? ATTACAAACC G^^^CCCT^CTT^TTCT^ 
60_b_ELA ENHANCER AND VIRAL PACKAGING DOMAIN_0_b HO_> 



310 320 



330 340 350 360 



AGTGAWTCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 

tSct^IS Sta^taIS SSaatgagt atcgcgcatt at^acagat CCCCCCKCC 

120_b_ELA ENHANCER AND VIRAL PACKAGING DOMAIN_0_b x70_> 

370 380 350 400 410 420 

GACTTTGACC GTTTACGTGG AGfcCTCGCCC AGGTG7TTTT CTCAGSTGTT TTCCGC6TTC 
CTGAAACTGG CAAATGCAGG 7GTGAGGGGG 7CCACAAAAA GAGTCCACAA AAGGGGCAAG 

E1A EWKANCER A_90_> 

_ c 10_Z1A PROMOTER PJEGICK_0_C 4 0_> 



420 440 



460 <70 450 



CGGGTGAAAG TTGGGGTTTT A7TATTA7AG TCACCTGACC CGCAG7G7AT TTA7ACCCGG 
GGCCAGTTTC AAGCGCAAAA 7AATAATA7C AG7CGAC7GC GCG7CACA7A AA.7ATGGGw C 
50_c 60_ELA PROMOTER REGION_C ] 90.C 100_> 

510 520 S**? 5<C 



490 500 



TGAGT7CC7C AAGAGGGCAC 7G7TGAG7GC CAGCGAG7AG AG7TTTG7GC 7GGGAGCCC-C 
■ACTCA.AGGAG TTGTCCGGTG AGAAGTGACG GTCGC7CA7C 7CAAAAGAGG AGGCTCGGCG 



h HYBRID ElA-CET R-E13 MESSAGE 



Z1A PROMOTER _12C> 

o _E1A HRR* 5' UlvTRANSLATEELC 4 0 > 

550 560 570 580 590 £C : 

TCCGAGGTAG TA.AGGGGCGC CAGTCTGCTC CAGATATCAA AGTCGACGG7 ACCCG^GAOA 
AGGGTCGATG ATTGCCGGCG CTCACACGAC GTCTATAGTT TCAG- i GCCA TGGC-CTw . _ . 
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HYBRID E1A-CFTR-E1B MESSAGE 



_e 10__SYNTHETIC LINKER SEQUENCES. 



-X30> 



610 620 630 . 640 . 650 660 

CCATGCAGAG GTCGCCTCTG GAAAAGGCCA COGTTGTCTC CAAACTTTTT TTCAGCTGGA 
GGTACGTCTC CAGCGGAGAC CTTTTCGGGT CGCAACAGAG GTTTCAAAAA AAGTCGAOT 

M cystic fibrosis tj^sSd^n! cwdocxwkb rbgoiator; cod ^ 

" h H YBRID E1A-CFTR-E1B MESSAGE __> 

1 40 ? 123TO 4622 OF HUMAN CFTR CDMA 1803 ISO* 

670 680 690 700 710 720 

.CCAGACCAAT TTTGAGGAAA GCATACAGAC AGCGCCTGGA ATTCTCAGAC ATATACCAAA 
GGTCTGGTTA AAACTCCTTT CCTATGTCTG TCGCGGACCT TAACAGTCTG TATATGGTTT 
tp^t>t r. p v GYR QRLE LSD I Y Q> 

LJwSie fibrosis ?ransmembrane conductance regulator; codon 



* HYBRID E1A-CFTR-E1B MESSAGE —> 

2 00 * 123 TO 4622 OF HUMAN CFTR CDNA 240^ 25.0> 

730 740 750 760 770 780 

TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGAJAGAG 
AGGGAAGACA ACTAAGACGA CTGTTAGATA C^CTTTTTAA CCTTTCTCTT ACCCTATCTC 
twcv DSA DN L SEKL ERE WDR> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h H YBRID E1A-CFTR-E1B MESSAGE h > 

26Q i 123 TO 4622 OF HUMAN CFTR CDMA 300* _ 310> 

790 800 810 820 830 840 

AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 
SgSS TTTCTTTTTA GGATTTGAGT AATTACGGGA AGCCGCTACA AAAAAGACCT 
E L A S KKN PKL I N A L RRC F F W> 

CYSTIC FIBROSES TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h H YBRID E1A-CFTR-S1B MESSAGE h > 

320i 123 TO 4622 OF HUMAN CFTR CDNA 360l 37 0> 

B50 S60 670 880 e90 900 

G^TTTATGTT CTA-GGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 
CTAAATACAA CATACCTTAG AAAAATATAA ATCCCCTTCA CTGGTTTCGT CATCJCGGAG 
» - M - v G T FLY 'L G E V T K A v Q 

C v STIc""ERCS T S TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

" h~~" HYBRID ZU-.-CriP.-Z13 MESSAGE h > 

3SQi 123 TO 4622 OF HUMAN CFTR CDMA 420i 4 3 0> 

o 10 920 ?20 940 ?50 550 



TCTTACT&GG A*GA*TCATA GCTTCCTATG ACCCGGATAA CAAGGAGSAA CGCTCTATCG 
^G-AATGACCC TTCTT - G^AT CGAAGGATAC TGGGCCTATT GTTCCTCCTT GCGAGATAGC 
LLL G R I I ASY DPDW KEE RS^> 

CYSTIC FIBROSIS TRANSME1-3RAKZ CONDUCTANCE REGULATOR; CODON > 

h ~ KY3RID E1A-CFTR-E1B MESSAGE h > 

<;40i 123 TO 4622 OF HUMAN CFTR CDNA 4 80i 4S0> 

C70 980 990 1000 1010 1020 

CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTC CTCCTAC.-. Z Z 



GCTAAATAGA TCCGTATCCG AATACGCAAG AGAAATAACA CAGGATGTGG 

LJ^ic^ibrosis Sra^eSbra^: c^oc^ce rec otaior; codo* 



-500i_ 



h H YBRID E1AHCFTR-E1B MESSAGE- gin ? S SQ^ 

123 TO 4622 OF HUMAN CFTR CDNA 540a S5©> 



1030 1040 1050 1060 1070 1080 

cagccatttt tggccttcat cacattggaa t^agatgag JAtagctatg tttagtttga 

GTCGGTAAAA ACCGGAAGTA GTGTAACCTT ACGTCTACTC TTATCGATAC AAATOAACT 
IJySTi/fIBROSXS tWs^BRA*E COKDQgA^ BEGUIATOR7 COD0K > 



1090 1100 



1110 1120 1130 1140 



TTTATAAGAA GACTTTAAAG CTGTCAAGCC GTGTTCTAGA JJAAAT^GT AJTGGACAAC 
AAATATTCTT CTGAAATTTC GACAGTTCGG CACAAGATCT ATTTTATTCA TAACCTGTTG 
t vwv T It K LSS R VLD XIS IGQ> 

CYCTIC FIBROSES T^^BRAKE CO^ANCE REGULATOR; CODDN > 

~ b ■ H YBRID ElA-CFTR-ElB MESSAHS ttt* =^ 

6 20i 1 23 TO 4622 OF HOMAN CFTR CDNA_ 660a ; 67 0> 

1150 il60 1170 1180' • 1190 1200 

TTTTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACATT 

^^^^^^^^^^^^ 

T V fi Li L S N NLN KFDE GLA L.«AH> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

cxsrcu. tJMKJ* ElA-CFTR-ElB MESSAGE — > 

^ 123 TO 4622 OF HOMAN CFTR CDNA 7205 73 0> 



_680i. 



1210 1220 1230 1240 1250 12 60 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG gGTOTTAC 

G I rC J * l L "m C L I W £ L L> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

* H KY3RID ElA-CFTR-ElB MESSAGE h — > 

740 ? TO 4622 OF HUMAN CFTR CDNA 780l 790> 

: 1280 1250 1300 1310 1220 

— ^..^r- —tggtttcc tgatagtcct tgcccttttt c-.ggctgc-c-c 

,^.. nCf:T GAACCAAAGG ACTATCAGGA ACC^~--A^, GTCCu-.C^cG 
Q A S A - C G LGF LIVL ALr Q « G> 

C V STIC -I=kcSTS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

' h HYBRID ElA-CFTR-ElB MESSAGE \ h > 

BOOi 123 TO 4 622 OF HUMAN CFTR CDMA 84 Ol : 8 50> 

1330 1340 1350 1360 1370 1380 



TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGC GAAGATCAGT G^GACTTG 
ATCCCTCTTA CTACT«..CTTC ATGTCTCTAG TCTCTCGACC CTTCTAGTCA CTTTCT^-.-.C 
L G ?. M MKK YRD Q R A C KIS E R -> 

CYSTIC FIBROSIS TRANSMEMBRANE COKTXJCTANCE REGULATOR; CODON- > 

" h " KY3RID ElA-CFTR-ElB MESSAGE h > 

B6Qj 123 TO 4622 OF HUMAN CFTR CDNA 900i ?10> 

1390 1400 1410 K20 1430 1440 



TGATTACCTC AGAAATCATT gAAACATCC ^TCTCTTAA G^TACTGC TTCgACAAC 
ACTAATCGAC TCTTTACTAA CTTTTGTAGG TTAGACAATT CCCTATGXCC AOCCl ii.^p 
V I TS EMI ENI Q S V K A. xC **s.s» 

_CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; COM* ^ 

h H YBRID E1A-CFTR-E1B MESSAGE _> 

9?.0 i 1 23 TO 4622 OF HUMAN CFTR CDNA 960a._ 970> 



.1450 1460 K70 1480 1490 1500 

CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 
G^I^ .^ACTaIS? S^K T1TGTCTTGA C7TTGACTGA GCC1TCCGTC 
AMEK MIE N L R Q T E L K I* T RK A> 

_CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODO* > 

h H YBRID E1A-CFTR-E1B MESSAGE —-*} 

9 80i 1 23 TO 4622 OF HUMAN CFTR CDNA 1020a :1030> 

1510 1520 1530 1540 1550 1560 

CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT ;GTGGTGTTTT 
GGATACACTC TATGAAGTTA TCGAGTCGGA AGAAGAAGAG TCCC*AGAAA CACCACAAAA 
A YVR YFK SSA FFFS G FF VVF> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODCN > 

h HYBRID EIA-CFTR-EIB MESSAGE. » = > 

1 040 i 12 3 TO 4622 OF HUMAN CFTR CDNA 1080a 1090> 

1570 1580 1590 1600 1610 1620 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCG GAAAAT A TTCACCACCA 
ATAGACACGA AGGGATACGT GATTAGTTTC CTTAGTAGGA GGCCTTTTAT AAGTGGTGGT 
L S VL PYA LIK GIIL RKI FTT> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CQDON > 

h HYBRID EIA-CFTR-EIB MESSAGE h * 



llOOi 123 TO 4622 Or KUKAN CFTR CDNA 1140a 1150> 

1630 1640 1650 1660 1670 1680 

TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG ^^f^± 
AGAGTAAGAC GTAACAAGAC GCGTACCGCC AGTGAGCCGT WAG^GACC CGACATGTTT 
ISFC IVL RMA VTRO FPW AVQ> 

CYSTIC FI3R0SIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODOH > 

h HYBRID E1A-CFTR-Z13 MESSAGE — n — — > 

11601 123 TO 4622 OF HUMAN CFTR CDNA 1200i 1210> 

1690 1700 1-10 1720 1730 17£.0 



_ _ _ -rCTCTT&Z.-. C-~--.-~.-_-.AC--. .-.-.-.T.-.CAGG.n TTTCTTACAA. A.AGC-AA0-A.-.T 
CTACCATACT ^GAGAACCT CGTTATTTGT TTTATGTCCT AAAGAATGTT TTCGTTCTT^. 
7 W Y D S L G AIM K I Q D F L Q K Q i> 

CYSTIC FIBROSIS T7VJ4SMZM3RAK-. CONDUCTANCE REGULATOR; CODON > 

n HYBRID E2>.-CrT?.-E13 MESSAGE h > 

1220*i 123 TO 4 622 Or KUKAN CFTR C&.V-. 1260i 12/ 1 ?. 



1750 1760 1770 1780 1790 1800 

-~ AAG^CATT GG£-TATAAC TTAACGACTA CAGAAGTAGT GATGGAGlAAT CTAACAGCC7 
7^ TTCTGTAA CCTTATATTG AATTGCTGAT GTCTTCA.TCA CTACCTCTTA CATTGTCGGA 
v k T L E Y N L T T T E V V KEN V T A_> 

C v S tt C f I3R0SIS TRANSMEMBRANE CONDUCTANCE ?3G UL.ATOR ; CODON > 

' h HYBRID E1A-CFTR-E13 MESSAGE h > 

1280i 123 TO 4 622 07 HUMAN* CFTR CDMA. 1320i 121 Z> 

1810 1S20 1830 1840 1850 lEf: 



vvu y<*ii4wy 
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TCTGGGAGGA GGGATTTGSG GAATTATTTC AGAAAOCAAA A^iJiS!:! T7OTATCTT 
AGACCCTCCT CCCTAAACCC CTTAATAAAC TCITTCGTTT ^"jf™ I^ATOT 

IJyst^fibrosis SuAAA. ^g?ANg hbguiator; codom, , 



h ~ H YBRID E1A-CTTR-E1B IffiSSAGE ^ 139p ^ 

Pi 123 TO 4622 OF HUMAN CFTR CDNA 13803 Z3SO> 



13401. 

1870 1880 1890 1900 - 1910 1920 

AAACTTCTAA TGGTGATGAC AGCCTCTTCT 

TTTGAAGATT ACCACTACTG . TCGGAGAAGA AGTCATTAAA <*GTWGAA CCATGAG^C 

K . CTS?IC N FIBR0S?S SrAnIkeSbI^E OONDOCTANffi RESOIATOR ; GODOH > 

h H YBRID E1A-CFTR-E1B MESSAGE — — 

1400 i 123TO 4622 OF HUMAN CFTR CDNA 1440l 1450> 

.1930 1940 1950 I960 1970 - 1980 

« *» . 

TCCTGAAAGA TATTAATTTC AAGATAGAAA GAGGACAGTT GTTGGCGGTT GCTGGATCCA 
J^SSm-^SSSZ TTCTATCTTT CTCCTGTCAA CAACCGCCAA CGACCTAGGT 
v K D I NF KIE R G Q I* I# A V AG ^> - 

CYSTIC FIBROSIS TRANSMEMBRANE CCWDOCTANCE REGULATORf CODON > 

h H YBRID ElA-CFTR-ElB MESSAGE • P rrr-r?" 

14603. 1 23 TO 4622 OF HUMAN CFTR CDNA ISOOl ; 1510> 



1990 2000 2010 2020 2030 2040 

CTGGAGCAGG CAAGACTTCA CTTCTAATGA TGATTATGGG AGAACTGGAG CCTTCAGAGG 
GACCTCGTCC GTTCTGAAGT GAAGATTACT ACTAATACCC TCTTGACCTC GGAAGTCTCC 
•p r * ' r WTS LLMMIMG £. L E F . 5 _> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

CYSTIC riBKUfrX E1A-CFTR-E1B MESSAGE _— ^ ——> 

1520 i 1 23 TO 4622 OF HUMAN CFTR CDNA 1560a 1570> 

2050 2 060 2070 2 080 2 090 21 00 

GTAAAATTAA GCACAGTGGA AGAATTTCAT TCTCTTCTCA ^CCTGG ATTATCCCTG 
CATTTTAATT CGTGTCACCT TCTTAAAGTA AGACAAGAGT C™AG^CC WTACG*£C 
- v t v «<5G RISFCSQ rSW X M P> 

° CVSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

" L W3»ID «-l»-C?TP.-ElB MESSAGE h > 

15S0 i 123' TO 4622 Or HUMAN CFTR CDKA 1620i 1630> 

2n0 2120 2130 2140 2150 2160 

GCACCATTAA AGAAAATATC A7CTTTGCTG TTTCCTATGA TGAATATAGA TACAGAAGCG 
CGTGGTAATT TCTTTTATAG TAGAAACCAC AAAGGATrvCT «CTT^r«TCT ^jCTTC^- 
C * ' Y - N I I F G V S Y D E V R 

C v S -IC FI3R0SIS TRANSMEMBRANE CONDUCTANCE F-SGuLATOR^; CODON > 

k uv=3T D Z2A-CFTF.-Z13 l^ZSSAGE n > 

164 0i 12 3 "TO 4622 OF HUMAN CFTR CDNA I680i 16SO 

2170 2180 2150 2200 2210 2220 

7CA7CAAAGC ATGCCAACTA GAAGAGGACA TCTCCAJCTT TOCAGACAAA CA^T^ 
AGTAGTTTCG TACGGTTGAT CTTCTCCTGT AGAGGTTC^A /-.CGTCTCTTT CTwTTATA^ 
VI K A COL EEDISKF AEK D N I> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

' h HYBRID E1A-CFTR-E1S MESSAGr. 

T700< 123 TO 4622 OF HUMAN CFTR CDNA 174 0i 1/sj> 
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2230 2240. . 2250 2260 2270 2280 

TTCTTGGAGA AGGTGGAATC ACACTGAGTG CACGTCAACC ACCAAGAATT I££t^£ 
AAGAACCTCT TCCACCTTAG TGTCACTCAC CTCCAGTTC5C TCCT1CTTAA ^^AAATCCTT 

CTCTK ftaSDW8 TRWagMBRWE COr^CT^CE REGULATOR; codon > 

h H YBRID E1A-CFTR-E1B MESSAGE 

1760 * 1 23 TO 4622 OF HUMAN CFTR CDMA 1800l_ 1810> 

2290 2300 2310 2320 2330 234 0 



GAGCAGTATA CAAAGATGCT GATTTGTATT TATTAGACTC TCCTTTTGGA TACCTAGATG 
CTCGTCATAT GTTTCTACGA CTAAACATAA ATAATCTGAG AGGAAAACCT ATGGATCTAC 
R A V Y KDA DLY L_ .L__D_£ Y L D> 



CYSTIC FIBROSIS TRANSMEMBRANE CONWCTANCE REGULATOR; CODON > 

~ h • HYBRID E1A-CFTR-E1B MESSAGE _ h __> 



.18201 



* -ISTto isM^HOWW CFTR'oHA 18605 1870> 



'*2350 2360 2370 2380 2390 2400 

TTTTAACAGA AAAAGAAATA TTTGAAAGCT GTGTCTCTAA ACTGA^GGCT JJCAAAACTA 
AAAATTGTCT TTTTCTTTAT AAACTTTCGA CACAGACATT TGACTACCGA TTOTTTTGAT 
VTTE KEI FES CVC K DMA N*.l-> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDOCTANCE REGOIATOR; CODON > 

h H YBRID E1A-CFTR-E1B MESSAGE _ —J} __> 

1880 i 123TO 4622 OF HUMAN CFTR CDNA 1920s 1930> 

2410 2420 2430 2440 2450 , 2460 

GGATTTTGGT CACTTCTAAA ATGGAACATT TAAAGAAAGC TGACAAAATA 

C^AAAACCA GTGAAGATTT TACCTIGTAA ATTTCTTICG ACTGTTTTAT AATTAAAACG 

^CYSTIC FIBROSIS TRANSMEMBRANE JONIXJCTANCE REGULATOR; COEON > 

^ B"S K^^'SS^^ 

2470 2480 2490 2500 2510 2520 

ATGAAGGTAG CAGCTATTTT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 
TACTTCCATC GTCGATAAAA ATACCCTGTA .AAAGTCTTGA G3TTTMAT GTCGGTCT^ 
H v n S c v v y G T F S EL QNL QPE» 

CYSTTC FT3R0SIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

" " s -_-N3T?-r> -1>.-CFTR-E1B MESSAGE . > 

£ i2 3 ' to «622 OF HUMAN CFTR CDNA 2040i 2C50> 



2000i. 

2530 "2540 25.50 2560 2570 25EC 

TTAGCTCAAA ACTC-.TGGGA TCTGATTCTT TO*CCAATT TAGTGCAGAA AGAA^JT 
AATCGAGTTT TGAGTACCCT ACACTAA5AA AGCTGGTTAA AT^CCTCTT TCTTCjrTA_~. 
-SSK LMG CDS F D Q F Sr. z. R R N> 

" CYSTIC FT3ROS-S TRANSKEM3RANF. ZCITOCTAHCE REGULATOR; CODON > 

" " h HYBRID E1A-CFTR-I1B MESSAGE — — — * 

2060 iZZZl23 TO 4622 OF HUMAN CFTR CDMA 2100i 2a10> 

2590 2600 2610 2620 2630 25<C 

TAAC tq_ b GACCTA CACCCTTTCT CATTAGAAGG AGATGCTCCT CTCTCCTGG.-. 
ctISStTG ACTCtSaT GTGGCAAAGA CTAATCTTCC TCTACGAGGA CAGAG3ACCT 
SI.LT ETL HRF SLEC DAP V S 

C V STIC FIBROSIS TRANSMEMBRANE COITOUCTANCE REGULATOR; CODON" > 

h HYBRID E1A-C7TR-E1B MESSAGE . •"• 

2120 i 123 TO 4 622 Or KUKAN CFTR CDNA 2l60i zi>.> 



" 73_ 2700 



26-70 2**0 2690 

2650 2660 2670 



2 ^GGAWAA agg xasxm t 



2720 2730 



2730 *" * ^ * 
2710 2720 «* TffiGCWAAG ACTCCCTTAC 

cmoa* ica-gg SSS 

_22405 123 TO « ^ ^ 2820 



->iftO 2790 « 

2770 2780 _ -.-^GGCTG TCCTTAGTAC 

«»£ SS?» S£g-e WS" 



2840 2850 




2910 2520 



2S40 



•>QO0 2 - AU 

2890 <• GACACACTCA GTTAACC^G 

C5CTTCA0S C ggggg SS» «x™*TTC 

^ HYBRID -^ Cr i'\rC^o rrro CDM>. 24601. 

2230 



n 



■> 0 ->o - JU:>U 

*imn j u — v ^- * * 

" r .. r -r-TC TCWGWACT GG.::v«^; 

__^ r ^-^CTGG-^T ATATA.TTCAA <£££j,~ G AGTTCTTTG. 1 . CCG^C...:' 

gtttgaactg acttgaccta " y s r r l s Q - ' . 



IV/l / UJ7J/HWV/ 



123 TO 4622 OF HUMAN CFTR qaaA___.2580i 2590> 

3070 3080 • 3090 3100 3110 . 3120 

TAAGTGAAGA AATTAACGAA GAAGAC1TAA AGGAGTCCCT Jjjgggg ffggffSc^T* 
ATTCACTTCT TTAATTGCTT CTTCTGAATT TCCTCACGGA AAAACTACTA TACCTCTCGT 
ISEE INE E P L X E C L FDD ME S» 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON^ > 

h H YBRID E1A-CFTR-E1B ^SSA^ ^jj ^gZT^ 

2 600 1 123 TO 4622 OF HUMAN CFTR CDNA 2640i 2650> 

3150 3160 • 3170 3180 



3130 3140 



TACCAGCAGT GACTACATGG AACACATACC TTCGATATAT TACTGTCCAC AAGA^CTTAA 
ATGCTCGTCA CTGATGTACC TTGTGTATGG MGCTATATA ATGACACGTG TWCGAATT 
IPAV TTW NTY L R Y I TVH KSL> 

■ CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h H YBRID E1A-CFTR-E1B M ESSA GE — -A. 

\2660i 123 TO 4622 OF HUMAN CFTR CDNA. 



3190 3200 



> 



3210 3220 3230 3240 

TTTTTGTGCT AATTTGGTOC TTAGTAATTT- TTCTGGCAGA GGTGGCTGCT TCTlTGGTTG 

aSaSJ tSS Stcattaaa aagaccgtct ccaccgacga AGAAACCAAC 

IF VL IWC LVI 7LA E VAA SLV> 
CYSTIC FIBROSIS TRANSMEMBRANE C^CTANCE REGULATOR; CODON_ 

V> H YBRID E1A-CFTR-E1B MESSAGE . _— £ -— " 

2720 ? 123 TO 4622 OF HUMAN CFTR CDNA 2760a . 2770> 

3250 3260 3270 3280 3290 ' 3300 

TGCTGTGGCT CCTTGGAAAC ACTCCTCTTC AAGACAAAGG GAATAGTACT CATAGTAGAA 
A?SS?cS gSaC^ SgAGGAGAAG T^TGTTTCC CTTATCATGA GTATC..TCTT 
VT WT I. G N TPL QDKG NST H S R> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

* h • HYBRID E1A-CFTR-S1B MESSAGE h — - > 

27B0 i 123 TO 4622 Or HUMAN CFTR CDNA 2B202 2830> 

3310 3320 3330 3340 3350 3360 

ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATCTCTTT TACATTTACG 
TATTGTCGAT ACGTCACTAA TAGTGGTCGT GGTCAAGCAT AATACACAAA ATGTAAATG\_ 
H N S Y AVI IT S TSSY YV? YIY> 

C V STIC ~ T 3R0SIS TRANSMEMBRANE COJroUCTANCE REGULATOR; CODON > 

" w " " HYBRID ELA-CFTR-E13 MESSAGE h > 

2S<0i 123 TO 4622 OF' HUMAN CFTR CD24A 25S0i 2E50> 

3370 3380 2390 3400 3410 3420 

TGGGAGTAGC CGACACTTTG CTTGCTA7GG GATTCTTCAG AGGTCTACCA CTGCTGCATA 
-C^CJTCG GCTGTGAAAC CAAro.TACC CTAAGAAGTC TCCAGATGCT GACCACGTAT 
Vg'vA DTL LAM GFrR GLP L V K> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

' " h " " KY3RZD E1A-CFTR-E13 MESSAGE h > 

29Qo'< 123* TO 4622 OF HUMAN CFTR CDNA 2940i 2950> 



3430 3440 3450 3460 3470 34 B0 

CTCTAATCAC AGTGTCGAAA ATTTTACACC ACAAAATGTT ACATTCTGTT CTTCAAGCAC 
GAGATTACTG TCACAGCTTT TAAAATGTGG TCTTTTACAA TGTAAGACAA GAAGTTCGTG 
TL IT VSK ILH HKML H_SV L. Q A-> 
CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON : 
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.HYBRID ElA-CFTR-ElB MESSAGE 



2960i 123 TO 4622 OF HUMAN CFTR CDNA 30001 r _^3010> 

3490 3500* 3510 3520 3530 3540 

CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATA6ATTC TCCAAAGATA 
GATACAGTTG GGAGTTGTGC AACTTTCGTC '.'CACCCTAAGA ATTATCTAAG AG^GTTTCTAT 
PMS T LKT L K A G G I L N R F SKD> 

CYSTIC FIBROSIS TRANSMEMBRANE. CONDUCTANCE REGULATOR; CODON > 

• b HYBRID E1A-CFTR-E1B MESSAGE —J* — — > 

3 020i 1 23 TO 4622 OF HUMAN CFTR CDMA 3060a 3070> 

3550 3560 3570 • 3580 3590 3600 

* * 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTCTTATTAA 
ATCGTTAAAA CCTACTGGAA GACGGAGAAT GGTATAAACT GAAGTAGGTC AACAATAATT 
I A IL DDL LPL TI FD FIQ LLL> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h ■ H YBRID ElA-CFTR-ElB MESSAGE — ^? 

3 QS0i 123 TO 4622 OF- HUMAN CFTR CDNA 3120a. 313 0> 



3610 3 620 3630 3640 3650 3 6 60 

TTGTGATTGG AGCTATAGCA GTTCTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 
AACACTAACC TCGATATCGT CAACAGCGTC AAAATGTTGG 'GATGTA6AAA CAACGTTGTC 
IVIG AIA .V VA VLQP .YIF VAT> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID ElA-CFTR-ElB M ESSA GE h > 

3140i 123 TO 4622 OF HUMAN CFTR CDNA 3180a 1 3190> 

3670 3680 3690 3700 3710 3720 

TGCCAGTGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 
ACGGTCACTA TCACCGAAAA TAATACAACT CTCGTATAAA GGAGGTTTGG AGTGTCGTTG 
VPVI v A F IML RAYF LQT SOQ> 

CYSTIC FI3R0SIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID E1A-CFTR-E1B MESSAGE h > 

3200i 123 TO 4622 OF HUMAN CFTR CDNA 3240i 3250> 



3730 3740 3750 3760 3770 37 80 

TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 
AGTTTGTTGA CCTTAGACTT CCGTCCTCAG GTTAAAAGTG AGTAGAACAA TGTTCGAATT 
L X Q L, ESE GRS PIFT HLV T S L> 

CYSTIC FIBROSIS TRANSKEMBRAie CONDUCTANCE REGULATOR; CODC:? > 

h KY3RID E1A-CFTR-E12 MESSAGE h > 

2260i 123 TO 4 622 6? HUMAN CFTR CDNA 3300l 3310> 

3790 3800 3ei0 3620 3830 3840 

AAGGACTATG GACACTTCGT GCCTTCGGAC GSCAGCCTTA CTTT GAAA CT CTCTTCCAC-. 
TTCCTGATAC CTGTGAAGCA CGGAAGCCTG CCGTCGGAAT GAAACTTTGA GACAAC-GTGT 
K G L W T L R A F G R Q P Y " E T L .- H> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR ; CODON" > 

h HYBRID Z1A-CFTR-E13 MESSAGE h > 

3320i 123 TO 4622 OF HU!1AN CFTR CDNA. 3360i 337 0> 

3850 3860 3370 3880 3890 3900 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTC-~T~CC 
TTCGAGACTT AAATGTATGA CGGTTGACCA AGAACATGGA CAGTTGTGAC GCGA C CAA C-C- 
K A L N LKT A N w r L Y L STL R W > 
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CYSTIC FIBROSIS'TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON, > 

I h ' K VBRID E1A-CFTR-E1B MESSAGE -_h — — > 

3380i 123 TO 4622 OF HUMAN CFTR CDNA 5420a 3O0> 

3930 3940 3950 3960 



3910 3920 



AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTCC TCTITACCTTC ATTTCCATTT 
TTTACTCTTA TCTTTACTAA AAACAGTAGA AGAAGTAACG ACAATGGAAG TAAAWiTAAA 
Q M R I EMI FVI FFIA VTF I S T> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON, > 

h . H YBRID E1A-CFTR-E1B MESSAGE _J? — -— > 

3440i 123 TO 4622 OF HUMAN CFTR CDNA 34B0a 3490> 



3970 • 3980 3990 4000 4010 4020 

* 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATCAATATCA 
ATTGTTGTCC TCTTCCTCTT CCTTCTCAAC CATAATAGGA CTGAAATCGG TACTTATAGT 
L TTG EGE GRV GIIL T LA-M NI> 

C YSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON 5 

h H YBRID E1A-CFTR-E1B MESSAGE * 



3500i 123 TO 4622 OF HUMAN CFTR CDNA 354Qi , — 3550> 

4030 4040 4050 4060 4070 4080 

T 

TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 
ACTCATGTAA CGTCACCCGA CATTTGAGGT CGTATCTACA CCTATCGAAC TACGCTAGAC 
MS TL QWA VNS SIDV DSL MRS> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID E1A-CFTR-E1B MESSAGE h '. > 

3560i_ 123 TO 4622 OF HUMAN CFTR CDNA 3600i 3610> 

4090 4100 4110 4120 4130 4140 

TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 
ACTCGGCTCA GAAATTCAAG TAACTGTACG GTTGTCTTCC ATTTGGATGG TTCAGTTGGT 
VSRV FKF IDM PTEG KPT KST> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID E1A-CFTR-E1B MESSAGE h ; > 

3620i 123 TO 4622 OF HUMAN CFTR CDMA 3660i 3670> 

r 

4150 4150 4170 4180 4190 4200 

AACCATACAA GAATGGCCAA CTCTCGAAAG TTATGATTAT TGAGAA.TTCA CACGTGAAGA 
TTGGTATGTT CTTACCGGTT GAGAGCTTTC AATACTAATA ACTCTTAAGT GTGCACTTCT 
K ? Y K N G Q LSK VMlI ENS K V K> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h~ KY3RID E1A-CFTR-E13 MESSAGE _ h > 

3680i 123 TO 4622 OF HUMAN CFTR CDNA 3720i 373C> 

4210 4220 4230 4240 <250 4250 

AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 
TTCTACTCTP GACCGGGAGT CCCCCGGTTT ACTGACAGTT TCTAGAGTGT CGTTTTATGT 
KDDI WPS GGQMTVK DLT AKY> 

CYSTIC FIBROSIS T RAN SMEM5RANE CONDUCTANCE REGULATOR; CODON > 

* h " """ kYBRID E1A-CFTR-E13 MESSAGE h > 

3740i 123 TO 4622 OF HUMAN CFTR CDNA 3780i 37£0> 

$210 4280 <2?0 4300 <310 4320 
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TEGG NAI L.EN ISFS I f - P G Q R> 

CYSTIC FIBROSIS TRANSMEMBRANE (XWDOCTANCE REGULATOR; CODO^ > 

h HYBRID E1A-CFTR-E1B M ESSA GE _ -— — ^ T5rr > 

3800i 123 TO 4622 OF HUMAN CFTR CCNA 3B403. 3850> 

4330 4340 4350 4360 ' 4370 .4380 

TGGGCCTCTT GGGAAGAACT GGATCAG3GA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 
ACCCGGAGAA CCCTTCTTGA CCTAGTCCCT •TCTCATGAAA CAATAGTCGA AAAAACTCTG 
VGLL CRT CSG KSTL LS..A F L R> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON_ > 

h H YBRID ElA-CFTR-ElB MESSAGE fl > 

3860i 123 TO 4622 OF HUMAN CFTR CDMA 3900i 3910> 

4390 4400 4410 4420 4430 4440 

TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 
ATGACTTGTG ACTTCCTCTT TAGGTCTAGC TACCACACAG AACCCTAAGT- TATTGAAACG 
LLNT E.GE IQI D GVS WDS I T L> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h H YBRID ElA-CFTR-ElB MESSAGE h ; > 

3920 i 12 3 TO 4622 OF HUMAN CFTR CDNA 39601 3970> 

4450 4460 4470 4480 4490 4500 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 
TTGTCACCTC CTTTCGGAAA CCTCACTATG GTGTCTTTCA TAAATAAAAA AGACCTTGTA 
QQWR KAF GVI PQKV F1F S;GT> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON____> 

h ■ H YBRID ElA-CFTR-ElB MESSAGE fi > 

3980i 123 TO 4622 OF HUMAN CFTR CDNA_4020i i__4030> 



4510 4520 4530 4540 4550 4560 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 
AATCTTTTTT GAACCTAGGG ATACTTGTCA CCTCACTAGT TCTTTATACC TTTCAACGTC 
FRKN LDP Y E Q WSDQ E I W K V A> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID E1A-CFTR-E13 MESSAGE h > 

40401 123 TO 4622 OF HUMAN CFTR CDNA 4080i 40S0> 

4570 4530 4590 4600 4610 4620 

ATGAGGTTGG GCTCAGATCT GTGATAGA-.C AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 
7ACTCCAACC CGAGTCTAGA CACTATC7TG TCAAAGGACC CTTCGAACTG AAACAGGAAC 
DEVG L RS VIE Q F ? G KLD F V L> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h KY3RID ElA-CFTR-ElB MESSAGE h > 

4100i 123 TO 4622 OF HUMAN CFTR CDNA 4140i 4150> 

4630 4640 4650 4660 4670 . 4 6cC 

r 

TGGATGGGGG CTGTGTCCTA AGCCVTGC-CC ACAAGCAGTT GATGTGCTTG GCTAGATCTG 
ACCTACCCCC GACACAGGAT TCGGTACCCG TGTTCGTCAA CTACACGAAC CGATCTAGAZ 
V D G G C V L S H C- H K Q L M C L A R S> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON > 

h HYBRID ElA-CFTR-ElB MESSAGE h > 

4160i 123 TO 4622 OF HUMAN CFTR CDNA 4200i <2 1C> 

4690 4700 <T10 < 7 2C <*?30 4 7.;: 

"TCTCAGTAA GGCGAA.GA.TC TTGCTGL FVG AT~A.\ 1 TCAG 7C-CTCATT7G GATC CA GT A- 
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AAGAGTCATT CCGCTTCTAG AACCACGAAC TACTTCGGTC ACGAGTAAAC CTAGGTCATT 
VLSK AKI L-Lt- DEPS AHL D P V> 
c ygTTr FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; COD0N___v 

h HYBRID E1A-CFTR-E1B MESSAGE h 

4220i 123 TO 4622 OF HUMAN CFTR CDMA 4260i * 4270> 

4750 4760 4770 4780 4790 4800 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC T6ATTGCACA CTAATTCTCT 
GTATGGTTTA TTAATCTTCT TGAGATTTTG TTCGTAAACG ACTAACGTGT CATTAAGAGA 
T Y Q I I .RR.T.LK QAFA DCT V I L> 
C YSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODON__> 

. h HYBRID E1A-CFTR-E1B MESSAGE h ; » 

42B0i 1 23 TO 4622 OF HUMAN CFTR CDMA <320i 4330> 

4810 . 4820 4830 4840 4850 4860 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 
CACTTGTGTC CTATCTTCGT TACGACCTTA CGGTTGTTAA AAACCAGTAT CTTCTCTTGT 
CEHR I E A MLE CQQF LVI EEN> 
C YSTIC FIBROSIS TRANSMD1BRANE CONDUCTANCE REGULATOR; COD0N___> 

h H YBRID E1A-CFTR-E1B MESSAGE _ h_J > 

4340i 123 TO 4622 OF HUMAN CFTR CDNA_4380i 4390> 

4870 4880 4890 4900 4910 4920 

* 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 
TTCACGCCGT CATGCTAAGG TAGGTCTTTG ACGACTTGCT CTCCTCGGAG AAGGCCGTTC 
KVRQ YDS I Q K LLNE RSL FRQ> 
CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODQ N > 

^ h HYBRID E1A-CFTR-E1B MESSAGE h I > 

4400i 123 TO 4622 OF HUMAN CFTR CDMA 4440i 4450> 

4930 4940 4950 4960 4970 4980 

CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 
GGTAGTCGGG GAGGCTGTCC CACTTCGAGA kAGGGGTGGC CTTGAGTTCG TTCACGTTCA 
A I S P SDR VKL FPHR N S S K CK> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR; CODQN > 

h HYBRID E1A-CFTR-E13 MESSAGE h > 

4460i 123 TO 4622 OF HUMAN CFTR CDMA 4500i <510> 

4990 5000 5010 5020 5030 5040 

CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 
GATTCGGGGT CTAACGACGA GACTTTCTCC TCTGTCTTCT TCTCCACGTT CTATGTTCC G 
S K ? Q I A A LKE E T E E E V Q DTR> 

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANCE REGULATOR ; CODON > 

h KY3RID E1A-CFTR-E1B MESSAGE h > 

4 520i 123 TO 4 622 OF HUMAN CFTR CIZ<V\ 4 560i 4 5"C> 



• 5050 5060 5070 5080 5090 5100 

TTTAG^GAGC AGC-.TAAATC TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 
AAATCTCTCC TCGTATTTAC AACTGTACCC TGTAAACGAG TACCTTAACC TCCATCGCCT 
L •> 
> 

h HYBRID E1A-CFTF.-E13 KLSS^GZ _h > 



<580i 123 TO 4 622 Of HUMAN CFTR .4 52 0i > 
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5110 



5120 5130 5140 5150 5160 

TTGAGGTACT GAAATGTCTC GGCGTCGCTT AAGGGTGGGA A^™OT gGCTOGGGG 
AACTCCATGA CTTTACACAC CCGCACCGAA TICCCACCCT TTCTTATATA TICCACCCOC 

. h HYBRID .E1A-CFTR-E13 MESSAGE — — « — > 

1 n q E 1S 3« UNTRANSLATED SEQUENCES — 50 — g_ — 60 > 



k 1 0 k E1B 3 ' INTRON ' _k 4 0 K 50. 



5170 5180 5190 5200 5210 5220 

TCTCATGTAG TTTTGTATCT GTITTGCAGC ACCCGCCGCC ATCAGCCCCA ACTCCTTTG^ 
AGAGTACATC AAAACATAGA CAAAACGTOG TCGGCGGCGG TACTCGCGGT TC^OAACX^ 

IX PROTEIN (HE__1_> 

HYBRID E1A-CFTR-E1B MESSAGE _h 

3 1 IX MRNA__ 1 ; > 



70 o E1B 3 ' UNTRANSLATED SEQUENCES 110 — g 120. 



60_1E1B 3' INTRON 80 > 

5230 5240 5250 5260 5270 5 2 80 

TGGAAGCATT GTGAGCTCAT ATTTGACAAC GCGCATGCCC CCATGGGCCG GGGTGCGTCA. 

Xa£ra£ SSSa vESam CGCCTACGGG ggtacgcggc cccacgcagt 

GSI VSS YLTT R M P PWA G V R Q> 

IX PROTEIN (HEXON-ASSCCIATED PROTEIN} ; CODON_START=l ^ 

h HYBRID E1A-CFTR-E1B MESSAGE — _ « > 

- i XX MRNA_ 1 — * '■ >■ 



130 ct~~ E lB 3' UNTRANSLATED SEQUENCES 170__g jl_180 > 



5290 5300 5310 5320 5330 5340 

* - 

r^irWATC GGCTCCAGCA TTGATGGTCG CCCCGTCCTG CCCGCAAACT CTACTACCTT 
S3S££ SSWoC <*fCAGGAC GCGCGrTTGA 
NVM CSS IDGR PVL PAN S T T i-> 

IX PROTEIN ( HEXON- ASSOCIATED PROTEIN); CODON_START=l > 

• n HYBRID E1A-CFTR-E1B MESSAGE _n > 

1 1 IX MRNA. 1 — 1 — — > 

190 o ElB 3' UNTRANSLATED SEQUENCES 230__g 240 > 

5350 5360 5370 5380 5390 5400 

GACGTACGAG ACCGTGTCTG GAACGCCGTT GGACACTGCA GCCTCCGCCG CCGCTTCAGC 
ctggatgctc TGGCACAGAC CTTCCGGCAA CCTCTGACGT CGGAGGCGGC GGCGAAGTCG 
Y s/ — TVS GT°L ETA ASA AAS 

^/"orCTEZN (rlZXON -ASSOCIATED PROTEIN); CODON_START=l > 

* h " HYBRID E1A-CF7R-E13 MESSAGE . h > 

\ l IX MRNA 1 1 > 

250 c E13~3 [ UNTRANSLATED SEQUENCES 290 — g 300 > 

5<10 542 0 5430 5440 5450 5460 

CGCTGCAGCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 
GCGACGTCC-G TGGCGC-C-CGC CCTAACACTG ACTGAAACGA AAGGACTCGv* G^GAACCTTC 
a'a a TAR GIVT DFA FLS PLAS> 

PROTEIN (KEXON- ASSOCIATED PROTEIN) ^ CODON_START=l_ > 

>-, HYBRID E1A-CFTR-E13 KESSAGt. h > 

~ \ 1 IX KRNA 1 1 : > 

no o -13 3 ' UNTRANSLATED SEQUENCES 350 — g 3 60 > 



5470 5480 5490 5500 5510 552C 

CAGTGCAGCT TCCCGTTCA7 CCGCCCGCGA TGACAAGTTG ACGGCTCTTT TGGCA. G.---.TT 



— 80 — 

GTCACGTCGA AGGGCAAGTA CCCCGGCCCT *CT<nTC*AC TTCCGACAAA ACCCTOTA^ 

5 V »JU5 (HBCcJ-A^IAOT PROTEIN); CODON_START= 1__ > 

h H YBRID ElA-CFTR-ElB MESSAGE P > 

1 1 JIX. MRNA_ *— ■ J — 



370. . o Eli~3- UNTRANSLATED SEQUENCES 410__S 420_> 

5530 5540 5550 . 5560 5570 5580 

GGATTCTTTG ACCCGGGAAC TTAATCTCGT TTCTCAGCAG CTGTTGGATC TGCG^AGCA 
CCTAAGAAAC TGGGCCCTTG AATTACAGCA AAGAGTCGTC GACAACCTAG ACGCGGTCGT 

__IX PROTElS (HEXON-ASSOCIATED PROTEIN); CODON_START=l __> 

h H YBRID ElA-CFTR-ElB MESSAGE : * > 

_1 1_ IX MRNA. 3 1 > 



\- 4 3 0 a E 1B 3' UNTRANSLATED SEQUENCES 470 — g __480 > 

"5590 S600 5610 5620 5630. 

GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC ^TCCGGTT TAAAACATAA ATAAA 
CCAAAGACGG GACTTCCGAA GGAGGGGAGG GTTACGCCAA ATTTTGTATT TATTT 
VSA LKA S • S- P P N A V •> 

DC PROTEIN (HEXON-ASSOCIATED PROTEIN) ; C > 

h HYBRID ElA-CFTR-ElB MESSAGE . *> > 

1 1 P C MRNA : 1 Z±7T- 

4 9 0 o E 1B 3 UNTRANSLATED SEQUENCES 530 — g > 



X^l/ 11UU / 
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Table III 



Nucleotide Sequence Analysis of Ad2-0RF6/PGK-CFTR 



LOCUS 

DEFINITION 

ACCESSION 

KEYWORDS 

SOURCE 

FEATURES 

frag 

frag 

pre-msg 



AD2-ORF6/P 36335 BP DS-DNA 



Prom 
12915 
35069 
> 3S973 



To/Span 
36335 
35973 

< 35069 



(C) 



IVS 


3S794 


35084 


(C) 


IVS 


35794 


35175 


(C) 


IVS 


35794 


35268 


(C) 


IVS 


35794 


35295 


(C) 


IVS 


35794 


35343 


(C) 


IVS 


35794 


35501 


(C) 


IVS 


35794 


35S70 


(C) 


IVS 


35794 


35766 


(C) 


frag 


35978 


36335 






36007 


< 35978 


(C> 


rpt 


36234 


36335 





frag 
pept 
pept 

mRNA 

pre-msg 

pre-msg 

pre-msg 

pre-msg 



1291S 

< 28478 
28478 

29331 

< 12915 

< 12915 

< 12915 

< 12915 



pre-msg < 129 15 



35054 
28790 
28790 

< 12915 

16352 

20208 

24682 

30462 

35037 



3 
1 

(C) 



Virol. 50. 106-117 



[J. Virol 
[jr. Virol 
[J. Virol 
[J. Virol 



. 50, 106-117 
. 50 # 106-117 
. SO, 106-117 
. 50, 106-117 
SO, 106-117 



(1984)3 



Description 

10676 to 34096 of Ad2-E4/ORF6 
33178 to 34082 of Ad2 eeq 
E4 mRNA [Nucleic Acids Res. 9, 1675-1689 
(1981)]/ [J» Mol. Biol* 149, 189-221 
(1981) ], [Nucleic Acids Res. 12, 3S03-3S19 
(1984)], [Unpublished (1984) J (Split] 
E4 mRNA intron D7 [J- Virol* SO, 106-117 
(1984)]/ [Nucleic Acids Res, 12, 3503-3519 
(1984) ] , [Unpublished (1984) ] 
E4 mRNA intron D6 [Nucleic Acids Res. 12, 
3503-3519 (1984)] 
E4 mRNA intron D5 
(W84)) 

E4 mRNA intron D4 
(1984)] 

£4 mRNA intron D3 
(1984) ) 

E4 mRNA intron D2 
(1984)] 

E4 mRNA intron Dl 
(1984)] 

E4 mRNA intron D [J. Virol. 
35580 to 35937 of Ad2 seq 
E4 mRNA [Nucleic Acids Res. 9, 1675-1689 
(1981)], [J. Mol. Biol. 149, 189-221 

(1981) ], (Nucleic Acids Res. 12, 3503-3519 
(1984)1, [Unpublished (1984)) [Split] 

inverted terminal repetition; 99.54% [Biochem. 

Biophys. Res. Commun. 87, 671-678 (1979)], [J. 

Mol. Biol. 128, 577-594 (1979)] 

1 to 32815 of Ad2 eeq [Split] 
33K protein (virion morphogenesis) 
33K protein (virion morphogenesis) ; 
codoiL_s tart = 1 

E2b mRNA [J. Biol. Chem. 257, 13475-13491 

(1982) ] [Split] 

major late mRNA LI (alt.) [J. Mbl. Biol, 149, 
189-221 (1981)], (J. Virol. 48, 127-134 (1983)] 
[Split] 

major late mRNA L2 (alt.) [J. M-l. Biol. 149, 
189-221 (1981)], [J. Virol. 38, 469-482 
(1981)], [J. Virol- 48, 127-134 (1983)1 [Split] 
major late mRNA 1*3 (alt.) [Nucleic Acids Res; 
9 1-17 (1981)), (J. Mol. Biol. 149, 189-221 
(1981)], U. Viro^ 48, 127-134 (x983)] [Split] 
major late mRNA L4 (alt.) [«J. Mol. Biol. 149, 
189-221 (1981)), [J. Virol. 48, 127-134 (1983)] 
[Split J 

major late mRNA L5 (alt.) {J . Mol. Biol- 149, 
189-221 (1981) J , I J. Virol. 48, 127-134 (1983)3 
[Split] 
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Nudeotide Sequence Analysis (conL) 
BRNA < 12915 13278 



xvs 


< 


129X5 


16388 


IVS 


< 


12915 


18754 


IVS 


< 


12915 


20238 


xvs 


< 


12915 


21040 


IVS 


< 


12915 


23888 


IVS 


< 


12915 


26333 




< 


12915 


13005 


KNA 




12915 


13005 


???? 


< 


12915 


13262 


pept 
pept 




13279 
14547 


14526 
16304 



signal 

pept 

pept 

pept 
signal 

pept 

pept 

???? 
signal 
pre-msg 
pre-stsg 

pre-msg 



16331 

16390 

18112 

18778 
20188 

20240 

21077 

< 12915 

24657 

28193 

28195 

29330 



16336 

18105 

18708 

19887 
20193 

20992 

23983 

24631 

24662 

24659 

24659 

24659 



(C) 
(C) 



(C) 



ma-ior lata mRKA intron (precedes 52,5SK ttRNA: 
?X LI SSjOlCell 1«. 841-8S0 (1979) ]. ICell 
IT, 851^£ U979)] Ah. Mol. Biol^l34. 143-158 
M97911 IJ. Mol. Biol. 13S, 413-433 
(1979) ] \ {Nature 292, 420-426 (1981)] tSplit] 

itfor late n*NA intron <P*^r,?T??o\»??^ ? 
St L2 mRNA) IJ. Virol. 48, 127-134 (1983)) 

iajor'late mRNA intron (precedes pV JRNA; 2nd 
S SmA) Biol. Chea. 259, 13980-13985 

iajor^alfi^i intron (precedes pVl «*NA; 1st 
5 S»i) [J. Virol. 38, 469-482 (1981)1 (Split) 
JUjor late mRNA intron (precedes hexon ff* 
2nd L3 mRNA) [Proc. Natl. Acad. fici. O.S.A. 75, 
W?2582V(l978)).lCell 16, 841-850 (1979)] 

Sor'late »BNA intron (precedes 23* *RNA; 3rd 
L3 mRNA) [Nucleic Acids Res. 9, 1-17 (1981)] 

iSo^late mRNA intron (precedes 100X mRNA; 1st 
??Sna? IVirology 128, 140-153 (1983)] [Split] 
vl fl^A <E!>E. Bi;i. Chem. 252 , 9043-9046 

i^kM U. ^ol. Ch- ?46 6991-7009 
(1971)), tJ. Biol. Chen. 2S2, 9047-9054 
(1977)1, [Proc. Natl. Acad. Sei- U.S.A. 77, 
2424-2428 (1980)1 {Splitl 

VA II RNA [Proc. Natl. Acad. Sea. U.S.A. 77, 
3778-3782 (1980) ). [Proc. Natl. Acad Sex. 
U.S.A. 77. 2424-2428 (1980)1 [Split] 
I S2,SSK protein; eodon_start«=l 
Ilia protein (peripentonal hexon-associated 
protein; splice sites not sequenced) ; 

SjS~latr^RNA LI poly-A signal (putative) 

39.21* . TTT . • 

L penton protein (virion component III) ; 

codon_start=l 
L Pro-VIX protein (precursor to maaor core 

protein); eodon_6tart=l 
i pv protein (minor core protein) ; codon_start-l 

major late mRNA L2 poly adenyat ion signal 

(putative) 49.94* 
1 pVI protein (hexon-associated precursor) ; 

codon_start=l » 
1 hexon protein (virion component ii) ; 
codon_8tart=l 

23K protein (endopeptid&se) ; codon_start=l 

[split] ' ... 

major late mRNA L3. poly adenyat ion signal 

(putative); 62.38* 

E2» late *RNA (alt.) U- Hoi. Biol. 149, 
189-221 (1981)) , . _, ,-> 

E2 a late mRNA (alt.) t N ^ G ^/"ff 4 ^ S * 12 ' 
3503-3519 (1984)1. [Unpublished ^ 98d) ? / , 0 
E2o early toRMA (alt.) (J. Mol. Biol. 149, 



X ^lfUJ7J(AlVU( 
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Nudeodde Sequence Analysis (cont.) 



pre-msg 


29331 


24659 


signal 


24683 


24678 


pept 


26318 


24729 


IVS 


26953 


26328 


papt 
IVS 


26347 
29263 


28764 
27031 


iys 


28124 


27211 


IVS 

DeOt 


28791 
28993 
29454 


28992 
> 29366 
30137 


mRNA 
IVS 


29848 
30220 


33103 
30614 


signal 


30444 


30449 


signal 


< 12915 


32676 


pept 


31051 


31530 


pept 


31707 
32008 


32012 
32013 


IVS 


32822 


33268 


signal 


33081 


33086 


*??? 


< 12915 


35017 


signal 


35013 


35018 



(C) 



(C) 



1 
1 



pre-rrosg 35054 > 3S041 (C) 



frag 

DMA 

rpt 



frag 
frag 



1 
1 
1 



10 



357 
915 



12914 
356 
103 



103 



379 
923 



189-221 (1981)] 
(C) E2a early mRNA (alt.) [J. Mol. Biol. 149 , 

189-221 (1981)) ^ 
(C) E2a mRNA polyadenyation signal on coop strand 

(putative); 62.43% 
(CI EBP protein (DMA binding or 72K protein) ; 
codoTUfltartcl 

£2a mRNA intron B (Nucleic Acids Res. 9, 
4439-4457 (1981) J 
1 100K protein (hexon assembly); eodonustartsl 
(C) £2a early mRNA intron A (Cell 18 , 569-S80 
(1979)] 

£2a late mRNA intron A [Virology 128, 140-153 

(1983) ] 

33K-pept intron (J. Virol. 4S, 251-263 (1983)] 
33K protein (virion morphogenesis) 
pVIII protein (hexon-associated precursor*) ; 
codon_js tart s 1 

E3-2 mRNA; 85.88% [Gene 22, 157-165 (1983)] 
major late mRNA intron (•x 1 leader) [Gene 22 , 
1S7-165 (1983)], (J- Biol. Chem. 259, 
13980-13985 (1984)] 

major late mRNA I»4 polyadenyation signal; 
(putative) 78.48% 

major late mRNA intron Cy* leader) [J. Mol. 
Biol. 135, 413-433 (1979)), [J. Virol. 38, 
469-482 (1981) ] , (EMBO J . 1, 249-254 
(1982)], (Gene 22, 157-165 (1983)] [Split] 
E3 19K protein (glycosylated membrane protein) ; 
codon_start=l 

E3 11. 6K protein; codon_startcl 
E3-1 mRNA polyadenylation signal (putative); 
82.69% 

major late mRNA intron ('z' leader) [Proc. 
Natl. Acad. Sci- U.S.A. 75, 5822-5826 
(1978)], [Cell 16. 841-850 (1979) ] , [SMBO J. 1, 
249-254 (1982)], [Gene 22, 1S7-165 (1983)] 
E3-2 mRNA polyadenyation signal; 65.82% 
(putative) 

fiber protein (virion component IV) ; 
codoiustart=l [Split] 

major late mRNA LS polyadenyation signal; 
(putative) 91.19% 

E4 mRNA [Nucleic Acids Res. 9, 1675-1689 
(1981)], (J. Mol. Biol. 149, 189*221 
(1981) ], [Nucleic Acids Res. 12, 3503-3519 

(1984) ], [Unpublished (1984)] [Split] 
1 to 12914 of pAd2/PGK-CPTR 
1 to 357 Ad2 

inverted terminal .repetition? 0.28% [Biochem. 
Biophye. Res. Comraun. 87, 671-678 (1979)), [J. 
Mol. Biol. 128, 577-594 (1979)) 
inverted terminal repetition; 0.28* [Biochem. 
Biophys- Res* Coxnmun. 87, 671-678 (1979)], [J. 
Mol. Biol. 128, 577-594 (1979)] [Split] 
linker segment 

polylinker cloning sites [Split] 
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Nudeotide Seqnence Analysis (cont) 





< 


924 


> 


954 




< 


5567 


> 


12914 


signal 




380 




914 


frag 


< 


955 


> 


958 


< 


5501 




5522 


signal 




5523 




SS55 


frag 




S555 


> 


5560 


< 


S564 




5567 


frag 




959 




5500 


revision 


2868 




2868 


modified 


1814 




1814 


site 


< 


959 




975 


site 




976 




990 


site 




991 




1001 






1001 


> 


5500 






1011 


> 


5453 



&S97 A 10000 C 



BASE. COUNT 
ORIGIN 7 

Ad2-ORF6/P length: 36335 



polylinke* cloning sites [Split] 
3328 to 1068S of Ad2 [Split] 
pgk promoter m 
polylinker cloning sites [Split] 
polylinker cloning sites [Split] 
syn. BGH poly A 
linker [Split] 

linker [Split] 

920 to 5461 of pCMV-CFTR-936C 

mistake in published sequence of Riordan et 

al. C not A is correct = N to H a. a, <*hange 

936 T to C mutation to inactivate cryptic 

bacterial promoter. Silent amino acid change 

polylinker segement from pCMV-CPTR-936C 

(Rc/CMV-Invitrogen Spel-BstXI) [Split] 

linker segment from pCMV-CFTR-936C- Originally 

Sall/BatXI adaptor oligo 1 499D S 

linker segement from pCMV-CFTR-936C. 

Originally from pMT-CFTR construction oligo 

1247 EG -Sal I to Aval sites* 

123 to 4622 of HUMCFTO 

cystic fibrosis transmembrane conductance 

regulator? codon^jBtartttl 

9786 G 7952 T 0 OTHER 



241 TAAATTTGGG CGTAACCAAG TAATCTTTGG CCATTTT^C G^MAACTG AMAAOMGA 

§ ~ ~ SE ra S sss 

====== 

Si SSSSS SEES SSSSS KS££ 

5£ £££££ ££2oacc ^ACcAcca occo^oc ooccctcccc 

?Ji attaaatcgt acgcctagta tttaaatcct acgcctacta 

HI TSSSSS SSgctgca gatatcaaag tcgacggtac ccgagagacc atgcagaogt 

JS SSSc O^TCOCCA JACJJTTTTT CAOCTgACC £™£ 

KS £££££ SSSSS: ~ SSSS 

2 0 iSSSJS SSSS AATCCCCTTC GOCGA^TTT = — 
1261 ATGGAATCTT ^JTATTTA ^GGAACTCA CCMgCMT JCAGCCTCTC ^JCT^AA 

llll SSSSS £££££ SXXSlCCT CCTACACCCA GCCATTTTTG 

11 A SSJSSS cagatcagaa tagctatgtt tagtttgatt tataagaaga 

wii SSS^g? SStagata aaataaotat togacaacit gttagtctcc 

A SSSaS cSgaacaaa tttgatgaag gacitccatt ggcacatttc gtotggatcg 

SSSJSS A^SScTC CTCATCGGGC TAATCTGGGA GrTOTTACAG GCGTCTGCCT 

IHI SSSSS atagtccttg cccrmrcA ggctgggcta gggacaatga 

1801 AAATGATTGA AAACATCCAA TCTGTTAAGG CATACTGCTG GGAAGAAGCA ATGGAAAAAA 
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Nucleotide Sequence Analysis (conL) 

1861 TCATTGAAAA CTTAAGACAA A.CACAACTGA AACTGACTCG GAA OGCAGCC TATGTGAOAT 
1921 ACTTCAATAG CTCAGCCTTC TTCTTCTC A C GGTTCTTTOT CGTGTTTTTA TCTCTGCTTC 
1981 CCTATCCACT AATCAAAOGA ATCATCCTCC GGAAAATATT CACCAOCATC ttCATTCTGCA 
2041 CTOTTCTOCG CATGGOGGTC ACTOGGCAAT TTCCCTGGGC TGTACAAACA TO3TATCACT 
2101 CTCTTGGAGC AATAAACAAA ATACAGGATT TCTTACAAAA CCAAGAATAT AAGACATTGC 
2161. AATATAACTT AACGACTACA CAAGTAGTGA TGGAGAATOT AACAGCttTC TGGGAGGAGG 
2221 GATTTGGCGA ATTATTTSAG AAAGCAAAAC AAAACAATAA CAATA QAAA A ACTTCTAATC 
2281 GTGATGACAO CCTCTTCTTC AGTAATTTCT CACTTCTTCG TACTCCTGTC CTGAAAGATA 
2341 TTAATTTCAA GATAGAAAOA GGACAGTTGT TGGCGGTTCC TGGATCCACT GGAGCAGGCA 
2401 AGACTOCACT TCTAATGATG ATTATCGGAG AACTGGAGCC TTCAGAGGGT AAAATTAAGC 
2461 ACAGTQGAAG AATTTCATTC TGTTCTCAGT TTTCCTGGAT TATGCCTGGC ACCATTAAAG 
2S21 AAAATATCAT C1T1X5 C EIOCT TCCTATGATO AATATAGATA CAGAAGOGTC ATCAA AGCAT 
2581 GCCAACTAGA AOAGGACATC TCCAAGTTTG CAGAGAAAGA CAATATAGTT CTTGGAGAAG 
2641 GTGGAATCAC ACTGAGTGGA GGTCAAOGAG CAAGAATTTC TTTAGCAAOA GCAGTATACA 
2701 AAGATOCTGA TTTGTATTTA TXAGACTCTC CTTTTGGATA CCTAGATO1T TTAACAGAAA 
2761 AAGAAATATT TGAAAGCTGT GTCTGTAAAC TGATGGCTAA C AAAACTA QO ATTTTGGTCA 
2821 CTTCTAAAAT GGAACATTTA AAGAAAGCTG ACAAAATATT AATTTTGCAT GAAGGTAGCA 
2881 GCTATTTTTA TCGGACATTT TCAGAACTCC AAAATCTACA GCCAGACTTT AGCTCAAAAC 
.2941 TCATGGGATG TCATTCTTTC GACCAATTTA GTGCAGAAAG AAGAAATTCA ATCCTAACTC 
3001 AGACCTTACA CCGTXTCTCA TTAGAAGGAG ATGCTCCTCT CTCCTGGACA CAAACAAAAA 
3061 AACAATCTTT TAAACAGACT GGAGAGTTTG OGGAAAAAAG GAAGAATTCT ATTCTCAA2C 
3121 CAATCAACTC TATAOGAAAA TTTTCCATTG TCCAAAAGAC TCCCTTACAA ATGAATGGCA 
3181 TCGAASA6GA TTCTGATGAG CCTTTAGAGA GAAGGCTGTC CTTAGTACCA GATTCTGAGC 
3241 AGGGAGAGGC GATACTCCCT CGCATCAGCG TGATCAGCAC TOGCCCCACG CTTCAGGCAC 
330i GAAGGAGGCA GTCTGTCCTO AACCTOATGA CACACTCAGT TAACCAAQGT CAGAACATTC 
3361 AGCGAAAGAC AACAGCATCC ACACGAAAAG TGTCACTGGC CCCTCAGGCA AACTTGACTG 
3421 AACTOGATAT ATATTCAAGA AGCTTATCTC AAGAAACTCG CTTGGAAATA AGTGAAGAAA 
3481 TTAACGAAGA AGACTTAAAG GACTGCCTTT TTGATGATAT GGAGAGCATA CCAGCACTCA 
3541 CTACATGGAA CACATACCTT CGATATATTA CTCTCCACAA GAGCTTAATT TTTGTGCTAA 
3601 TTTGGTGCrT AGTAATTTTT CTGGCAQAGG TGGCTGCTTC TTTGGTTCTC CTCTGGCTCC 
3661 T7GGAAACAC TCCTCTTCAA GACAAAOGGA ATAGTACTCA TAGTAGAAAT AACAGCTATG 
3721 CAGTOATXAT CACCAGCACC AGTTOGTATT ATGTGTTTTA CATTTACGTC GGAGTAGCCG 
3781 ACAdTTGCT TGCTATGGGA TTCTTCAGAG CTCTACCACT GGTOCATACT CTAATCACAG 
3841 TCTCGAAAAT TTTACACCAC AAAATCTTAC ATTCTGTTCT TCAAGCACCT ATS TCAACC C 
3901 TCAACACGTT GAAAGCAGCT GGGATTCTTA ATAGATTCTC CAAAGATATA CCAATTTTGG 
3961 ATGACCTTCT GCCTCTTACC ATATTTGACT TCATCCACTT GTTATTAATT GTGATTGGAG 
4021 CTATAGCAGT TGTCGCAGTT TTACAACCCT ACATCTTTGT TGCAACAGTC CCACTGATAG 
4081 TGGCTTTTAT TATGTTGAGA GCATATTTCC TCCAAACCTC ACAGCAACTC AAACAACTGG 
4141 AATCTGAAGG CAGGAGTCCA ATTTTCACTC ATCTTGOTAC AAGCTTAAAA OGACTATGGA 
4201 CACTTCGTGC CTTCGGACGG CAGCCTTACT TTGAAACTCT GTTCCACAAA GCTCTCAATT 
4261 TACATACTCC CAACTOGTTC TTGTACCTGT CAACACTGCG CTCGOTCCAA ATGAGAATAG 
4321 AAATGATTTT TGTCATCTTC TTCATTGCTG TTACCTTCAT TTCCATTTTA ACAACAGGAG 
4381 AAGGAGAAGG AAGAGTTOGT ATTATCCTOA CTTTAGCCAT GAATATCATC AGTACATOGC 
4441 AGTCGGCTCT AAACTCCAGC ATAGATCTGG ATAGCTTGAT GOOATmK AGCCGAGTCT 
4501 TTAAGTTCAT TGACATGCCA ACAGAAGCTA AACCTACCAA CTCAACCAAA CCATACAAGA 
4561 ATGGCCAACT CTCGAAAGTT ATGATTATTG WAATTCACA CGTCAAGAAA OATCACATCT 
4621 GGCCCTCAGG GGGCCAAATC ACTGTCAAAG ATCTCACAGC AAAATACACA GAAGGTGGAA 
4681 ATGCCATATT AGAGAACATT TCCTTCTCAA TAAGTCCTCG CCAGACGCTG G^CTCTTGG 
4741 GAAGAACTGG ATCAGGGAAG AGTACTTTGT TATCAGCTTT TTTGAGACTA CTGAACACTG 
4801 AAGGAGAAAT CCAGATCCAT GGTGTGTCTT GGGATTCAAT AACTTTGCAA CAGTGGAGGA 
4861 AAGCCmXW AGTGATACCA CAGAAAGTAT TTATTTTTTC TGGAACATTT AGAAAAAACT 
4921 TGGATCCCTA TCAACAGTCG AGTGATCAAC AAATATCGAA AGTTGCAGAT GAGGTICGCC 
4981 TCAGATCTCT GAT AG AAC AG TTTCCTGGGA AGCTTGACTT TGTCCTTGTG GATGGGGGCT 
till SSScSag ccatogccac aagcagtksa TGTGCTOGGC TAJJTCTGTT JTCAGTAAGG 
Sioi CGAAGATCTT GCTGCTTGAT GAACCCAGTG CTCATTTGGA TCCAGTAACA TACCAAATAA 
il61 TTAGAAGAAC TCTAAAACAA GCATTTGCTG ATTGCACAGT AATTCTCTGT OAACACAGGA 

lltl Sgaa^t gSg^toc caacaatttt tggtcataga agagaacaaa gtgcggcagt 
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5281 AQGATTCCAT CCASAAACTQ CTGAACGAGA GGAGCCTCTT CCGGCAAGCC ATCACSCCCCT 
5341 CCGACAGGCT CAAGCTCTTT CCCCACCGC-A ACTCAAGCAA GTGCAAOTCT AAGCCCCAGA 
5401 1TCCTGCICT CAAAGAGGAG ACAGAAGAAG AGGTGCAAGA TACAAGGCTT TAGAGAGCAG 
5461 CATAAATCTT GACATGGGAC ATTTGCTCAT GGAATTGGAG AAATOGTACG CCTAGGACGC 
5521 GTAATAAAAT GAGGAAATTG CAT0GCATTX3 1CTOAOGOOT ■BAOGCGGGAA GGTGCTGAGC 
5581 TACGATGAGA CCCGCACCAG GTGCAGACCC TGCGAGTGTG GCGGTAAACA TATTAGGAAC 
S641 CAGCCTGTGA TCCTGGATGT GACCGAGGAG CTGAOGCOCG ATCACTTGGT C CTGGCCT GC 
5701 ACCCGCGCTO AGTTTOGCTC TAGCGATGAA GATACAGATT GAGGTACTGA AATGTGTOGG 
5761 CGTGGCTTAA GGGTGGGAAA GAATATATAA GGTGGOGGTC TCATCTAGTT TTGTATCTGT 
5621 rriGCACCAG CCGCCGCCAT GAGOCCCAAC TOGTTTOATO GAAGCATTGT GAGCTCATAT 
5881 TTGACAACGC GCATGCCCCC ATOGGCCGGG GTGCGTCAGA ATGTCATOGG CTCCAGCA.TT 
5941 GATOGTCGCC CCGTCCTCCC CGCAAACTCT ACTACCTTGA CCTACGAGAC CGTGTCTOGA 
6001 AOGGOGTTOG AGACTOCAGC CTCOGCOGCC GCTTCAGCCG CTCCAGCCAC OGCCOGCOGG 
6061 ATIGTGACTC ACTWGCTTT CCTCAGCCCG CTTGCAAGCA GTGCAGCTTC OCGTTCATCC 
•6121 GGCOGCGATO ACAAGTTCAC GGCTCTTTM GCACAATTGG ATTCTTTQAC CCGGGAACTT 
6181 AATGTCGTTT CTCAGCAGCT GTTGOATCTG CGCCAGCAGG TTTCTOCCCT CAAGGC TTCC 
6241 TCCCCTCCCA ATCOX5TXTA AAACATAAAT AAAAACCAGA CTCTOTTTOG ATTTTGATCA 
6301 AGCAAGTGTC TTGCTGTCTT TATTTAGGGG TTTTGCGCGC GCGGTAGGCC CGGGACCAGC 
6361 GGTCTCGGTC GTTGAGGGTC CTOWTATTT TTTCCAGGAC CTGGTAAAGG TGACTCTOGA 
6421 TCTTCAGATA CATGGGCATA AGCCCGTCTC TGGGGTOGAG GTAGCACCAC TCCAGAGCTT 
6481 CATGCTOCGG GGTCGTCTTC TAGATCATCC AGTCGTAGCA CGA GCGC TCG GCGSGGTGCC 
6S41 TAAAAATCTC TTTCAGTAGC AAGCTGATTC CCAGCGGCAO GCCCTTOGTC TEAACTCTTTA 
6601 CAAAGOGGTT AAGCTGGGAT GGCTGCATAC OTOGGGATAT GAGATOCATC TTCGACTGTA 
6661 TTTTTAGGTT GGCTATOTTC CCAGCCATAT CCCTCOGGGG ATXCATGTTG TCCAGAACCA 
6721 CCAGCACAGT GTATCOGGTO CACTTCGGAA ATTTGTCATG TAGCTTAGAA GGAAATGCGT 
6781 GGAAGAACTT GGAGACGCCC TTGTGACCTC CGAGATTTTC CATGCATOCG TCCATAATGA 
6841 TOGCAATOGG CCCAOGGGCG GCGGCCTGGG CG AAGATAT T TCTCGGATCA CTAACCTCAT 
6901 AGTTGTGTTC CAGGATGAGA TCGTCATAGG CCATTTTTAC AAAGCGOGGG CGGAGCGTGC 
6961 CAGACTOCGG TATAATGGTT CCATCGGGCC CAGGGGCGTA GTTACCCTCA CAGA1TTGCA 
7021 TTTCCCAOCC TTTCAGTTCA GATOGGGGGA TCATCTCTAC CTGCC GGGCG ATGAAGAAAA 
7081 CCGTTTCCGG GGTAGGGGAG ATCAGCTOGG AAGAAAGCAG CTTCCK5AGC AGCTCCGACT 
7141 TACCGCAGCC GGTCGGCCCG TAAATCACAC CTATTACCGG CTCCAACTGG TAGTTAAGAG 
7201 AGC1K3CAGCT GCCGTCATCC CTOAGCAGGG GGGCCACTTC GTTAAGCATG IttXZTGACTT 
7261 GCATGTTTTC CCICACCAAA TCCGCCAGAA GGCGCTCGCC GCCGAGCGAT AGCAGITCTT 
7321 GCAAGGAAGC AAAGTTTTTC AACGGTTTGA GGCCCTCCGC CGTAGGCATG CTTTTGAGOG 
7381 TTTGACCAAG CAGTTCCAGG CGGTCCCACA GCTCGGTCAC CTGCTCTACG GCATCTCGAT 
7441 CCAGCATATC TCCTCGTTTC GOGGGTTGGG GCGGCTTTCG CTOTACGGCA CTAGTCGGTG 
7501 CTCGTCCAGA CGGGCCAGGG TCATGTCTTT CCACGGGCGC AGGGTCCTCG TCAGCGTAGT 
7561 CTGGGTCACG GTGAAGGGGT- GCGCTCCGGG CTCCGCGCTG GCCAGGGTCC CCTOGAGGCT 
7621 GGTCCTGCTG GTGCTCAAGC GCTCCCGGTC TTCGCCCTGC GCGTCGGCCA GGTAGCATTT 
7681 GACCATGGTG TCATAGTCCA GCCCCTCCGC GGCGTGGCCC TTGGOGCGCA GCTTGCCCTT 
7741 GGAGGAGGCG CCGCACGAGG GGCAGIGCAG ACTTTTAAGG GCGTAGAGCT TCGGCGCGAG 
7801 AAATACCGAT TCCGGGGAGT AGGCATCCGC GCCGCAGGCC CCGCAGAOGG TCTCGCATTC 
7861 CACGAGCCAG GTGAGCTCT8 GCCGTTCGGG GTCAAAAACC AGGmCCCC CATGCTTTTT 
7921 GATGCGTTTC TTACCTCTGG TTTCCAT3AG CCGGTGTCCA CGCTCGGTGA CGAAAAGGCT 
7981 GTCCGTGTCC CCGTATACAG ACTXGAGAGG CCTGTCCTCG AGCGGTGTTC CGOGGTCCTC 
8041 CTCGTATACA AACTCGGACC ACTCTGAGAC GAAGGCTCGC GTCCAGGCCA GCACGAAGGA 
8101 GGCTAAGTGG GAGGGGTAGC GGTCGTTGTC CACTAGGGGG TCCACTCGCT CCAGGGTGTG 
8161 AAGACACATC TCGCCCTCTT COGCATCAAG GAAGGTGATT GG1TTATAGG TCTAGGCCAC 
8221 GTOACCGGGT GTTCCTGAAG GGGGGCTATA AAAGGGGCTC GGGGCGCGTT CGTCCTCACT 
8281 CTCTTCCGCA TCGCTGTCTG CGAGGGCCAG CTG1TGGGGT GAGTACTCCC TCTCAAAAGC 
8341 GGGCATGACT TCTGCGCTAA GATTGTCAGT TTCCAAAAAC GAGGAGGATT TGATATTCAC 
8401 CTCGCCCGCG GTGATGCCTT TGAGGGTGGC CGCGTCCATC TGGTCAGAAA AGACAATCTT 
8461 TTTGTTGTCA AGCTTGGTGG CAAACGACCC GTAGAGGGCG TTGGACAGCA ACTTGGCGAT 
8521 GGAGCGCAGG GTTTGGTTTT TGTCGCGATC GGCGCGCTCC TTGGCCCCGA TCTTTAGCTG 
8581 CAOGTATTCG CGCGCAACGC ACCGCCATTC GGGAAAGACG GTGGTGCGCT CGTCGGGCAC 
8641 CAGGTCCACG CGCCAACCGC GGTTGTGCAG GGTCACAAGG TCAACGCTGG TGGCTACCTC 
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8701 TCCGCGTAG© OGCTCGTTGG TCCAGCAGAG GCGGCCGCCC TTGOGCGAAC AGAATOGCQG 
8761 TAGTGGGTCT AGCTGOGTCT CGTGCGGGGG GTCTGCGTCC ACGGTAAAGA CCCCGGGCAG 
8821 CAGGOGCGCG TOGAAGTAGT CTATCTTCCA TCCTTCCAAG TCTAGCGCCT GCTCCCA1CC 
8881 GCGGGCGGCA AGCGCGCGCT CGTATOaGTT CAGTCGGGGA CCOCAttSGCA rTGCGGTGGOT 
8941 GAGCGCGGAG GOCTACATCC CGCAAATCTC GTAAACGTAG AGGGGCTCTC TGAGTATTCC 
9001 AAGATATGTA GGGTAfiCATC TTCCACCGCG GATGCTGGCG OGCACCTAAT CGTATAGTTC 
9061 GTGCGAGGGA GGGAGGAGGT CGGGACCGAG GTIGCTACGG GOGGGCTOCT C7GCTCGGAA 
9121 GACTA1CTCC CTGAAGATCG CATOTC5AGTT GGATGATATC GTTOGAOGCT GGAAGACGTT 
9181 GAAGCTCGCG TCTGTGAGAC CTACCGCGTC ACX3CACGAAG GAGGCGTAGG AGTCGCGCAG 
9241 CTTGTIGACC ACCTCGGCGG TGACCTGCAC GTCTAGOGCG CAGTA GTCC A GGGTTTOCTT 
9301 CATCATGTCA TACTTATCCT CTCCCTTTTT TTTCCACAGC TO60GOTTCA GGACAAACTC 
9361 TTCGCGGTCT TTCCAGTACT CTTGGATCGG AAACCCGTCG GCCTCOGAAC GGTAAGAGCC 
9421 TAGCATGTAG AACTCGTTCA CGGCCTGGTA CGCGCAGCAT CCCTTTTCTA OGGGTAGOGC 
9481 GTAXGCCTCC GCGGCCTTCC GGAGCGAGGT GTOGGTCAGC GCAAAGGTGT CCCTAACCAT 
9541 GACTTTGAGG TACTGGTATT TCAAGTCAGT GTOGTOGCAT CCGCCCTCCT CCCAGAGCAA 
9601 AAAGTCCGTC CGCTTTTTGG AAOGOGGGTT TGGCAGGGOG AAGGTOACAT CCTTGAAAAG 
9661 TATCTTTCCC GCGCGAGGCA TAAACTTGCG TGTOATGCGG AAQGGTOCCG CCACCTOG GA 
9721 ACGGTTGTTA ATTACCTGGG CGGOGAGCAC GATCTOGTOG AAGCCGOTGA TOTTOTGGCC 
9781 CACGATCTAA AGTTCCAAGA AGCGCGGGGT GCCCTTGATC GAGOGCAA1T TTTTAAGTTC 
9841 CTOGTAGGTC AGCTCCTCAG GGGAGCTGAG CCCGTOTTCT GACAGGGCCC AGTCTCCAAG 
9901 ATCAGGGTTG GAAGCGAOGA ATGAGCTCCA CAGGTCACGG GCCATTAGCA TTTGCAOGTG 
9961 GTCGCGAAAG GTCCTAAACT GGOGACCTAT GGCCATTTTT TCTGGGGTGA TCCAGTAGAA 
10021 GGTAAGCGGG TCTTOTTOGC AGCGGTCCCA TCCAAGGTCC AOGGCTAGGT CTCGCGCQGC 
10081 GGTCACCAGA GGCTCATCTC CGCCGAACTT CATAACCACC ATGAAGGGCA CGAGCTCCTT 
10141 CCCAAAGGCC CCCATCCAAG TA35AOOTCTC TACATCGTAG C1GACAAAGA GAOGCTOGGT 
10201 GGGA6GATCC GAGCOGATCG GGAAGAACTG CATCTCCCGC CACCAGTTGG AGGAGTGGCT 
10261 GTTGATGTGG TGAAAGTAGA AG1CCCTGCG ACGGGCCGAA CACTCGTCCT GGCTTTTGTA 
10321 AAAAOGTGCG CAGTACTGGC AGCOGTGCAC CGGCTOTACA TCCTGCACGA GCTTGACCTG 
10381 ACGACCGOGC ACAAGGAAGC AGAGTGGGAA TTTGAGCCCC TCGCCTCGCG GGTTTCGCTG 
10441 GTGGTCTTCT ACTTCGGCTG CIWIX.CT T G ACCCTCTQGC TGCTCGAGGG GAGTOATGGT 
10501 GGATCGGACC ACCACGCCGC GCGAGCCCAA AGTCCAGATG TCCGCGCGCG GCGGTCOGAG 
10561 CTIGATCACA ACATCGCGCA GATCGGAGCT GTCCATGCTC TGGAGCTCCC CCGGCGACAG 
10621 GTCAGGCGGG AGCTCCTGCA GGTTTACCTC GCATAGCCGG GTCAGGGCGC GGGCTAGGTC 
10681 CAGGTCATAC CTGATTTCCA GGGGCTQGTT GGTGGCGGCG TOGATGACTT GCAAGAGGCC 
10741 GCATCCCCGC GGCGCGACTA CGGTACCGCG CGGCGGGCGG TGGGCCGCGG GGGTOTCCTT 
10801 GGATGATCCA TCTAAAAGCG GTGACGCGGG CGGGCCCCCG GAGGTAGGGG GGGCTCGGGA 
10861 CCCGCCGGGA GAGGGGGCAG GGGCACGTCG CCGCCGCGCG CGGGCAGGAG CTGOTGCTGC 
10921 GCGOGGAGGT TGCTGGCGAA CGCGAOGACG COGCGGTTGA TCTCCTGAAT CTGGCCCCTC 
20981 1GCGTCAAGA CGACGGGCCC GGTGAGCTIC AACCTCAAAG AGAGTK3GAC AGAATCAATT 
11041 TCGGTCTCGT TCACGGCGGC CTGGCGCAAA ATCTCCTGCA CGTCTCCTGA GTTGTCTTGA 
11101 TAGGOGATTT CGGCCATGAA CTCCTCGATC TCTTCCTCCT GGAGATCTCC GCGTCCGGCT 
11161 OGCTCCACGG TOGCGGCGAG GTOGTTOGAG ATGCGGGCCA TCAGCTCCGA GAAGGCGTTG 
11221 AGGCCTCCCT CGTTCCAGAC GCGGCTGTAG ACCACGCCCC CTTCGGCATC GCGGGCGCGC 
• 11281 ATGACCACCT GCGOGAGATT GAGCTCCACG TCCCGGGCGA AGACGGCCTA GTITCGCAGG 
11341 aicTGAAAGA GGTAGTTCAG GGTOGTGGCG GTXJTGTTCTG CCACGAAGAA GTACATAACC 
11401 CAGCGTCGCA ACGTGGATTC GTO3ATATCC CCCAAGGCCT CAAGGCCCTC CATGGCCTCG 
11461 TAGAAGTCCA CGGCGAAGTT GAAAAACTGG GAGTTCCGCG CCGACACGGT TAACTCCTCC 
11521 TCCAGAAGAC GGATGAGCTC GGCGACAGTG TCGCGCACCT CGCGCTCAAA GGCTACAGGG 
11581 CCCICTTCTT CTTCAATCTC CTCTTCCATA AGGGCCTCCC CTTCTTCTTC TTCTTCTGGC 
11641 GGCGGTGGGG GAGGGGGGAC ACGGCGGCGA CGACGGCGCA CCGGGAGGCG GTCCACAAAG 
11701 CGCTCGATCA TCTCCCOGCG GCGACGGCGC ATGGTCTCGG TGACGGCGCG GCCGTTCTCG 
11761 CGGGGGCGCA GTTGGAAGAC GCOGCCCGTC ATGTCCCGGT TATCGGTTGG CGGGGGGCTG 
11821 CCGTCCGGCA GGGATACGGC GCTAACGATG CATCTCAACA ATTGTTGTST AGGTACTCCG 
c^ca~££~ ACCTCAGCGA ciccgcatcg accggatcgg aaaacctctc gagaaaggcg 
Hill SSSSSa aggtaggctc agcaccgtgg cgggcggcag cggqtggcgg 

Hlol ?S5g?tgt ttctcgcgga cgtcctcctc atcatotaat taaagtaggc ggtcttgaga 

lloll SSS TCGACAGAAG CACCATCTCC TTGGGTCCGG CCTCCTGAAT GCGCAGGCGG 



-88- 



Nucleotide Sequence Analysis (cont) 

12121 TCGGCCATGC CCCAGGCOTC GTTTTCACAT CGGCGCAGGT CTTTCTAGTA GTCTTCCATC 
12181 AGCCTTTCTA CCGGC&CT7C TTCTTCTCCT TGCTCTTGTC CTCCATCTCT TOCATCTATC 
12241 GCTACGGCQG CGGCGGAGTT TGGCCGTAGG TGGCGCCCTC TTCCTCGCAT GCCTGTGACC 
12301 CCGAAGCCCC TCATCGCCTO AAGCAGGGCC AGCTCG6CGA CAACGCGCTC GGCTAATATC 
12361 GCCTGCTGCA CCTCCGTCAG GGTAGACTGG AAGTCATCCA TGTCCACAAA GOGOTGGTAT 
12421' GOGCCCGWST TGATCX3TGTA AGTGCAGTTG GCCATAACGG ACCAOTTAAC GGTCTOGTOA 
12481 CCCGGClOOO AGAGCTCGGT GTACCTGAGA CGCGAGTAAG COCTTGAGTC AAAGACGT7U3 
12541 TCGTTGCAAG TCCGCACCAG GTACTGATAT CCCACCAAAA AGTGCGGCGG CGGCTGGCCG 
i2601 TAGAGGOGCC AGCOTAGGOT GGOCOGGGCT COGGGGGCGA GGTCTTCCAA CATAAGGCGA 
12661 TGATATCOGT AGATCTACCT GGACATCCAG CTGATOCCGG OGGCGGTOGT GGAGGCGCOC 
12721 OGAAAGTCGC GGACGCGGTT CCAGATCTTG CGCAGCGGCA AAAAGTCCTC CATCGTOGGG 
127*1 ACGCTCTCGC CGGTCAGGCO TGCGCAGTCG TTCACGCTCT AGACCGTGCA AAAOGAGAGC 
12841 CTOTAAGCGG GCACTCTTCC GTOGTCTGGT GGATAAATTC GCAAGGG35AT CATGGOGGAC 
12901- tSACCGGGGTT OGAACCCCGG ATCGGGCCGT CCGCCGTGAT CCATGCGGTT ACCGCCOGCG 
12961 TGTCGAACCC AGGTCTCOGA CGTCAGACAA CGGGGGAGOG CTCCTTTTGG CT1CCT1CCA 
13021 GGCGOGGCGG CTGCTCCGCT AGCTTTTTTG CCCACTGGCC GCGOGOGGOG TAAGCGGTTA 
13081 GGCTG6AAAG CGAAAGCATC AAGIGGCTCG CTOCCTGTAG CCGGAGGGTT ATTTTCCAAG 
13141 <5GTTGAGTCG CAGGACCCCC GGTTOGAGTC TOGGGCCGGC CGGACTGCGG CGAACGGGGG 

13201 rmGCCTCCC cgtcatgcaa gacccogctt gcaaaticct cogoaaacag ggacgagccc 

13261 GTTTTTTGCT TTTCCCAGAT GCATCOGGTG CTGOGGCAGA TGCGCCCCCC TCCTCAGCAG 
13321 CGGCAACAGC AAGAGCAGCG GCAGACATCC AGGGCACCCT CCCCTTCTCC TACCGCGTCA 
13381 GGAGGGGCAA CATCCGCGGC TGACCCGGCG GCAGATGGTO ATTACGAACC CCCGOGGCGC 
13441 CGGGCCOGGC ACTACCTGGA CTTGGAGGAG GGOGAGGGOC TGGCGCGGCT AGGAGOGCCC 
13S01 TCTCCTOAGC GACACCCAAG OGTCCAGCTO AAGCGTGACA OGCGCGAGGC GTACGTGCCC 
13S61 CGGCAGAACC TGTTTCGCGA CCGCGAGGGA GAGGAGCCCG AGGAGATGGG GGATCGAAAG 
13621 TICCACGCAG GGCGCGAGTT GOGGCATGGC CTGAACCGCG AGCGGTTGCT GCGCGAGGAG 
13*81 GACTTTQAGC CCGACGCGCG GACCGGGATT AGTCCCGCGC GCGCACACGT OGCCGCCGCC 
13741 GACCTGGTAA CCGCGTACGA GCAGACGGTG AACCAGGAGA TTAACTTTCA AAAAAGCTTT 
13801 AACAACCAOG TOCGCACGCT TGTGGCGCGC CAGGAGGTOG CTATAGGACT GATGCATCTC 
13861 TGGGACTTTC TAAGCGCGCT CGAGCAAAAC CCAAATAGCA ^CSCTCAT GGOGCAGCTC 
13921 TTCCTTATAG TCCAGCACAG CAGOGACAAC GAGGCAMCA TOGATCCGCT GOTAAACATA 
13981 GTAGAGCCOG AGGGCCGCTC GCTGCTCGAT TTGATAAACA TTCTGCAGAG ^JAGTOGTG 
14041. CAGGAGCGCA GCTTGAGCCT GGCTGACAAG GTGGCOGCCA TTAACTATTC CATGCTCAGT 
14101 CTGGGCAAGT TTTACGCCCG CAAGATATAC CATACCCCTT ACGTTCCCAT AGACAAGGAG 
14161 GTAAAGATCG AGGGGTTCTA CATCCGCATG GCGTTGAAGG TGCTTACCTT GAGCGAOGAC 
14221 CTGGGCGTTT ATCGCAACGA GCGCATCCAC AACCCCGTGA GCGTGAGCCG GCGGCGCGAG 
14281 CTCAGCGACC GCGAGCTCAT GCACAGCCTG CAAAGGGCCC TGGCTGGCAC GGGCAGCGGC 
14341 GATAGAGAGG CCGAGTCCTA CTTTGACGCG GGCGCTGACC TGCGCTGGGC CCCAAGCCGA 
14401 CGCGCCCTCG AGGCAGCTSG GGCCGGACCT OGGCTGGOGG TGGCACCCGC GCGCCCTGGC 
14461 AACGTCGGCG GCGTGGAGGA ATATCACGAG GACGATGAGT ACGAGCCAGA GGACCGCGAG 
14S21 TACTAAGCGG TGATGTTTCT GATCAGATCA TCCAAGACGC AACGGAOCOG GCGGTGCGGG 
14581 CGGCGCTGCA GAGCCAGCCG TCCGGCCTTA ACTCCACGGA CGW^GGCGC CAGGTCATGG 
14641 ACCGCATCAT GTCGCTGACT GOGOGTAACC CTGACCCCTT CCGGCAGCAG CCGCAGGCCA 
• 14701 ACCGGCTCTC CGCAATTCTO GAAGCGGTCG TCCCGGCOCG CGCAAACCCC ACGCAOGAGA 
14761 AGGTCCTCGC GATCGTAAAC GCGCTGGCGG AAAACAGGGC CATCCGGCCC OATGAGGCCG 
14821 GCCTGGTCTA CGACGCGCTC CTTCAGCGCG TGGCTOGTTA CAACAGCGGC AACGTGCAGA 
14881 dcAACCTGGA CCGGCTCGTC GGGGATGTGC GCGAGGCCGT CGCGCAGCGT GAGCGOGOGC 
14941 AGCAGCAGGG CAACCTGGGC TCCATGGTTG CACTAAACGC CTTCCTGAOT ACACAGCCCG 
ISO 01 CCAACGTGCC GCGGGGACAG GAGGACTACA CCAACTTTGT GAGOGCACTG CGGCTAATCG 
1S061 TCACTOAGAC ACCGCAAAGT GAGGTGTACC AGTCCGGGCC AGACTATTTT TTCCAGACCA 
15121 GTAGACAAGG CCTCCAGACC GTAAACCTGA GCCAGGCTTT CAAGAACTTG CAGGGGCTCT 
15181 GGGGQGTGCG GGCTCCCACA GGCGACCGCG CGACCGTGTC TAGCITCCTG ACGCCCAACT 
15241 CGCCCCTC1T GCTCCTCCTA ATAGCGCCCT TCACGGACAG TGS^GCGTG TCCCGGOKCX 
15301 CATACCTAGG TCACTTGCTG ACACTGTACC GCGAGGCCAT JGGTCAGGCG CATGTGGAOG 
15361 AGCATACTTT CCAGGAGATT ACAAGTGTCA GCCGCGCGCT GGGGCAGGAG GACACGGGCA 
15421 GCCTGGAGGC AACCCTGAAC TACCTGCTGA CCAACCGGCG GCAGAAGATC CCCTCGTTGC 
15481 ACAGTTTAAA CAGCGAGGAG GAGCGCATCT TGCGCTATGT GCAGCAGAGC GTGAGCCTTA 
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15541 ACCTGATGCG CGACGGGGTA ACGCCCAGCG TGGCGCTGGA CATGACCGCG CGCAACATGG 
15601 AACCGGGCAT GTATCCCICA AACCGGCCGT TTATCAATCG CCTAATCGAC TACTTGCATC 
.15661 GCGOGOCCGC CGTCAACCCC GAGTATTTCA CCAATGOCAT CTTSAAOOQG CACTGGCTAC 
1S721 CGCCCCCTGG TTTCTACACC GGGGGATTTS AGGTGCCCCA CGGTAACCAT CSATTCCTCT 
15781 GGGACGACAT AGACGACAGC GT6TTTXCCC CGCAACOGCA GACCCPQCTA GAGTTCCAAC 
15841 AGCGCGAGCA GGCAGAGGC6 GCGCK3COAA AOGAAAOCTT CCGCAGGCCA AGCAGCTTGT 
15901 CCGATCTAGG CGCTCCGGCC CCGCGOTCAfi ATCCCACTAC CCCATTTOCA AGCTTGWEAO 
15961 GGTCTTTTAC CAGCACTCGC ACCACCCGCC OGCGCCTGCT CGGCGAGGAG GAGTACCTAA 
16021 ACAACTCGCT OCTOCAGCCO CAGOGOGAAA AGAACCTGCC TCCGGCATTT CCCAACAAOO 
16081 GGATAGAGAG CCTAGTGGAC AAGATGAGTA GATGGAAGAC GTATQOGCAG GAGCACAGGG 
16i41 ATCTGCCCCG CCCGCGCCCG CCCACCCOTC CTCAAACGCA COACOGTCAG CCGGGTCTGG 
16201 TCTGGGAGGA CCATOACTCG GCAGACGACA GCAGCGTCCT GttWKOtt CGCAOTGGCA 
16261 ACCCGTTTCC GCACCTTCGC CCCAGGCTGG CGAGAATGTT TTAAAAAAAA AAAAAAAAAG 
16321 CATGATCCAA AATAAAAAAC TCACCAAGGC CATCGCACCG AGO&JTTGGTT TTCTTGTATT 
16381 CCCCTTAGTA TCCAGOGCGC GGCGATGTAT GAGGAAGGTC CTCCTCCCTC CTACGAGAGC 
16441 GTGGTCAGCC COGCGCCAGT GGCGGOGGCG CTCGCTTCCC CCTTOGATCC TCCCCTQGAC 

lesoi ccGcccrrro tocctccgcg gtacctccgg cctaccgggg ggagaaacag catccgttac 

16561 TCTGAGTTCG CACCCCTA3T CGACACCACC CGTGTGTACC TOOTGGACAA CAAOTCAAOG 
16621 GATCttMCAT CCCTOAACTA CCAGAACGAC CACAGCAACT TTCTAACCAC GGTCATTCAA 
16681 AACAATOACT ACAGCCCGGG GGAGGCAAGC ACACAGACCA TCAATCTTCA CGACCGTTCG 
16741 CACTOGGGOG GOGACCTCAA AACCATCCTC CATACCAACA TGCCAAATCT GAACGAGTTC 
16801 ATGTTTACCA ATAAGTTTAA GGCGCGGGTG ATGGTGTOGC GCTCGCTTAC TAAGGACAAA 
16861 CAGGTCGAGC TGAAATATGA GTOGGTOGAG TTCACGCTGC CCGAGGGCAA CTACTCCGAG 
16321 ACCATCACCA TAGACCTTAT GAACAACGCG ATCGTGGAGC ACTACCTGAA AGTGGGCAOG 
16981 GAGAACGGGG TTCTGGAAAG CGACATCGGG GTAAAGTTTO ACACCCGCAA CTTCAGACTG 
17041 GGGTTTGACC CAGTCACTGG TdTGTCATG CCTOGGGTAT ATACAAACGA AGCCTTCCAT 
17101 CCAGACATCA TTTTGCTGCC AGGA7GCGGG CTGGACTTCA CCCACAGCCG CCTCAGCAAC 
17161 TTGTTOGGCA TCCGCAAGOG GCAACCCTTC CAGGACGGCT TTAGGATCAC CTACGATCAC 
17221 CTCGAGGCTO GTAACATTCC CGCACTGTTG GATCTGGACG CCTACCAGGC AAGCTTAAAA 
17281 ■ GATGACACOG AACAGGGCGG GGATGGCGCA GGCGCCGGCA ACAACACTGG CAGGGGGGCG 
17341 GAAGAGAACT CCAACGCGGC AGCCGCGGCA ATGCAGCOGG TCGAGGACAT GAACGATCAT 
17401 GCCATTCGCG GCGACACCTT TGCCACACGG CCGGAGGAGA AGCGCGCTCA GGCCGAGGCA 
17461 OCGGCAGAAG CTOCCGCCCC CGCTCCGCAA CCCGAGGTCO AGAAGCCTCA GAAGAAACCG 
17S21 GTGATCAAAC CCCTGACAGA GGACAGCAAG AAACGCAGTT ACAACCTAAT AAGCAATGAC 
17581 AGCACCTXCA CCCAGTACCG CAGCTGGTAC CTTGCATACA ACTACGGOGA CCCTCAGACC 
17641 GGGATCCGCT CATCGACCCT CCTTTGCACT CCTGACGTAA CCTGCGGCTC GCAGCAGCTC 
17701 TACTGGTCGT TGCCAGACAT GATGCAAGAC CCCGTCACCT TCCGCTCCAC GAGCCAGATC 
17761 AGCAACTTTC CCGTCGTCGG CGCCGAGCTG TTGCCCGTOC ACTCCAAGAG OTCTACAAC 
17821 GACCAGGCCG TCTACTCCCA GCTCATCCGC CAGTTTACCT CTCTGACCCA CGTTCTTCAAT 
17881 CGCTTTCCCG AGAACCACAT TTTGGOGCGC CCGCCAGCCC CCACCATCAC CACCCTCAGT 
17941 CAAAACGrrc CTGCTCTCAC AGATCACGGG ACGCTACCGC TCCGCAACAG CATCGGAGGA 
18001 GTCCAGCGAG TGACCATTAC TCACGCCAGA CGCCGCACCT GCCCCTACGT TTACAAGGCC 
18061 CTGGGCATAG TCTCGCCGOG CGTCCTATCG AGCCGCACTT J^GAGCAAJ ^J^^jJ 
18121 CTTATATCGC CCAGCAATAA CACAGGCTGG GGCCTGCGCT TCCCAAGCAA GATGTTTGGC 

. 18181 SSSaaga agcgctccga ccaacaccca ctccgcctgc gcggccacta ccgcgcgccc 

"2" ^SSSSS A^ISSgGG CCGCACIGGG CGCACCACOG JCGATGACGC cattgaogcg 
18301 GTGGTGGAGG AGGCGCGCAA CTACACGCCC ACGCCGCCAC CAGTOTCCAC AGTCGACGCG 
18361 6CCA1TCAGA CCGTGGTGCG CGGAGCCCGG CGTTATGCTA AAATGAAGAG AOGGOGGAGG 
18421 CGCGTAGCAC GTOGCCACCG CCGCCGACCC GGCACTGCCG CCGAACGCGC GGCGGCGGCC 

18481 Sgcttaacc gcgcacgtcg cacoggccga cgggcggcca tgcgggccgc tcgaaggctg 

18541 GCCGCGGGTA TTGTCACTGT GCCCCCCAGG TCCAGGCGAC GAGCGGCCCC CGCAGCAGCC 
18S01 GCGGCCATTA GTGCTATCAC TCAGGGTCGC AGGGGCAACG TGTACTCGGT GCGCGACTCG 
lltll SS ?SSgSJc CGIGCGCACC CGCCCCCCGC gcaactagat ^AAOAAAA 
18721 AACTACTXAG ACTCGTACTG CTGTA1GTAT CCAGCGGCGG AGGCGCGCAA CGAAGCTATG 
1S781 TCCAAGCGCA AAATCAAAGA AGAGATGCTC CAGGTCATCG CGCCGGACAT CTATGGCCCC 

lllll SgJaSS aagagcagga ttacaagccc coaaagctaa agcgggtcaa JAACAAAAAG 
18901 aaagatgatg atgatgatca acttgacgac gaggtggaac tgctgcaccc aaccgcgccc 
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1BOS1 AQGCGOOGOG TACAGTOGAA AGGICOACGC CIAAGAOGTC TTTTGCGACC CGGCACCACC 
Hill G^SSmA S^OTGSTGA GcScCACC CGCACCTACA AGCGCGTGTA TGATGAGCTG 

«S« SSSSS SSSSgct tSSSgcc aacgagcgcc tcggggagtt tgcctaocga 
"JJJ SSSSS JSiSSS cgogttcccg ctcgacgacc ccaacccaac accragoCT* 
}X£ JJSSctS cactgScca a^caraccc acgcttgcac cgtccgaaga aaagcgcgcc 

i«« SSSSS SSSSSS SSScSc 

Hill S£JgS£ ATOICTTOGA AAAAATCAOC G^AOCCTO ^iSSSS 

SIS ££2^ £££££ SSSSS S£™ aSS^S 
2!£ cSSSScS S£gS£ SS^ £££££ SSS 

xss s ss sss^ 

19741 ACCCGACGCC GAACCACCAC 1CGAACCCGC CGCOGC^TC GOOCTOGCCA GCCCGTGCTC 

alSiSS SS SSSSS SS 

S^SS AATOSCATCC GTGGCCTJGC AOGCGCAOAC 
20161 AAAACAAGTT GCATGTGGAA AAATCAAAAT AAAAAGTCTC CACTCTCAOT 
*ft^l CCTGTAACTA TTTTGTAGAA TGSAAOACAT CAACTTTGCG TCTCTGCCCC CGCOACAOQG 

20341 crrCMCMO OGCTCOOTOT <MMe«*»T TOJMKOTC tcWjSjSS 

isssi ss?^ sssss = £S «™ 

20641 GCCOGACAGG GAAGAAACTC TOCTGACGCA JATAGATGAG GAOTOCTWCSG 

20701 ACTAAAflCAA GGCCTOCCCA C£«OOTCC CATC^CCC JTGGCTA^ 

20761 CCAGCACACA CCTGTAACGC TGGACCTGCC 'TCCCCCC^ Z^^TCCC TGCGCCGTCC 

20821 GCTCCCAGGG CCGICCGCCG TTGTTGTAAC fCGOCCTAGC CGCG^TCCC 

20881 CGCCAGCGGT CCGCCATCGA TOCGOCCOCT JGCCAGTGGC **eTGGCAAA OCACACTOAA 

20941 CAGCATCGTG GGTCIX^ TGCAATCCCT ££££££ 

21001 OSTGTCGTAT GTGTCJ^ £££££2 S5£a£££ JStGGTCTT ACATCCACAT 

21061 GCCCCCGCTO TCCAAGATOG CTA^CCTTC ^TGATC^ c^cZGTnG CCCGCGCCAC 

HZl SSSS? SSSS a£££S? SSKS SSJgCCAC CTACGCAOGA 
211B1 CGAGACGTAC TTCAGCClUA ^/^rv*^/vMi*rr ATCCCTGTGG ACCCCGAGGA 

21241 C^AACCACA CACCJ^CCC gOKgttC SSSSS G^GICCTOA 

21301 TACCGCGTAC TCCTACAAAG CGCOCTTTCAC CCTGGCU^ AGGGGGCCTA CTTTTAAGCC 
21361 TATGGCTTCC ACGTACTTTC JCATCCOCGG ^gj^ GCTCCTAACT CCTOTCACTG 
21421 CTACTCOGGC ACTGCCTACA JCGC^TAGC TCCCAA^ GAAGAAGAGG AAGATCAAGA 
21481 GGAACAAACC GAAGATAGCG GCOGGGCAGT TGCCGAG^l ^ aaacACATCT 

• 21541 TGAAGAAGAfi GAAGAAGAAG AGCAAAAOGC TC°*°*^^ iXroaGOTAC AAATAGGATC 
21601 CTATGCCCAG GCTCCTTTGT CTGGAGAAAC JJTTACAAAA JOCGGGCTAC 
21661 AGACAATGCA GAAACACAAG CTAAACCTGT JJAOGCAGAT CCTTCCTATC ^AGAACC 
21721 TCAAATTGGC GAATCTCAGT ^AACGAAGC ^ATGCTAAT CCOGCAGGAG GGAGJ^; 
21781 TAAAAAAACA ACTCCCATGA AACCATGCTA TGOJTC^ SStTCCAA ACGTOACTT 
21841 TOGTGGTCAA TCCGTTCTGQI ^CGGATGA J^^J OGCAATOCTA CTAAACCAAA 
21901 GCAATTCTTC TCAAATACTA GCTCTTTGAA «AJf?°gJ GACACACATC TGTCTTACAA 
21961 AGTGGTTTTG TACAGTGAAG ATGTAAATAT ^AAAgCCA JJCACA^ SSLcAG 
22021 ACCTGGAAAA GGTGATGAAA JTTCTAAAGC ^TGTTGCGT ^ ACAGCACTGG 

22081 ACCCAATTAC ATTGCTTTCh GGGACAATTT TATTGG^ GCC GTCGTAG ATTTCCAAGA 
22141 CAACATGGGT GTTCTTGCTG GTCAGGCATC GCAGCTAAAi ATAGGTGATA GAACCAGATA 
22201 CAGAAACACA GAGCTGTCCT ATCAACTCTT ^^^^ G ATGTT AG AA TCATTGAAAA 
22261 TTTTTCTATG TGGAATCAGG CTGTAGACAG ^TGA^^ G ^GGGGTA TTGGGGTAAC 
22321 CCATGGAACT GAGGATGAAT TGCCAAATTA TTGTTTlVtl 
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Nudeotide Sequence Analysis (cont) 

v,*tLl mricvmr CAAGCTATTA AGGCTAATCG CAATCGCTCA GGCGATAATG GAGATACTAC 
£££££ SSSS TAA^ajATA O^TGO^A JtgCtXW 

22501 CATCGAAATT AACCTAAATC CCAACCTATG GAGAAATTTC CTTTACT^A ATATTGOGCT 
22561 CTACCTGCCA GACAAGCTAA AATACAACCC CACCAATOTO OJJJJJTCTS gAACCCCAA 
"coi rwvrarcir TACATCAACA AGGGAGTGGT GGCTCCCGGG CTTCTAGACT GCTACATTAA 

ss ssg^S? 

22741 CM.KMOOGC CICCOmTC OCTCCMCTT eM^?"*; SSSSSfc 

3S s= ss^ =ss sgg SEE = 

35 = ^aS^A S2S3S S=g SgK 

23041 CGACCAGICC TTTAATCACT JCCTTTCC^ £££££ £££££ £££££ 
23101 CGCCACCAAC GTGCCCATCT CCttCCCMC GCQCAACT^ ^J^^ ACCCTTACTA 
23161 CTTCACACGC TTGAAGACAA AGGAAACCCC TTCCCTOGGA ACACCTTOAA 
93991 eACCTACTCT GGC1CCAXAC CMACC0TOA CGOAACCTTC fAltl *~ k ^ 
23221 CACCTAw-ivi wn»K!T«r TAGCTCGCCG GGCAACGACC GCCTCCTTAC 

23281 . CAAGGTQGCC A^CCTTTG JfTCTTCTGT ggCTACAACG TAGCTCAGTG 

Sidf SaSSSSc ESSS £££ Sggge 

3£ S£S I™ gEE SSSE 

23701. TACCCAGAAA AI^TCTTT GCGA^GCAC ^TTGOOGC 

S!S SS SSS^ = = jgsiSS 

sis jess ssss sss ssg 

24121 ACACAAGCTC GCCTGCGCCA TAt5 ^?'£ TA ? k^motcTAC CTCTTTCAGC CCTTTOGCTT 
24181 GATGGCCTTT GCCTGOAACC CG06CTCAAA AACATGCTAC ^Jg^ ScGCCOTAG 

24241 ™GACCAA CGJJJTCAAGC ^SSSaI SS^cSc AAAGCGTCCA 

24301 CGCCATTCCT TCTTCCCCCG JCOOCTGTAT JA^^ TTTCTCCACG CCTTTOCCAA 
24361 GGGGCCCAAC TMGCCGCCT CTOGACTATT CTGCTGCATB ™ GGCTACCCAA 
24421 CTGGCCCCAA ACTCCCATGG ATCACAACCC CACCATOAW-. iACAGCTCTA 
.24481 C^CA^T AACAOTCCCC AGCTACAGCC CACCC^COT OSCAACCAGG 
24541 C AGCTTCCTG GAGCGCCACT JJfCCTACTT ACTAGGAGAC ACTTTCAATA 

24601 CACITCCTTT TGTCACTTGA AAAACATGTA AAAATAATGT J CCTTOCCGTC 
24661 AAQGCAAATC TTTTTATTTG TACACTCTCO ^JT^ TATGCGCCAC TGGCAGGGAC 
24721 TCCGCOGTTT AAAAATCAAA GGGGTTCTGC ^CGCATCGC CCGCGGCAGC 

24781 ACGTTGCGAT *^???T^^? CAGGCTGCGC MCATCACCA AOGCGTTTAG CAGGTOGGGC 
24841 TCGGTCAAGT TTTCACTCCA CA^CTGCGC CGCGCGAGTT GCGATACACA 

24901 GCCGATATCT TGAAGTCGCA JTTGGGGCCT gGCOCTGCG ^^CAG CACGCTCTTG 
■ 24961 GGGTTGCAGC ACTGGAACAC TATCAGCGCC SgSaACGG AGTCAACTTT 

25021 TCGGAGATCA GATCCGCGTC CAGGTCCTCC ^GCTGCTCA GCACOCSTAGT 
25081 GGTAG-CCC TTCCCAAAAA GGGTGCATCC ACAGCGCCTG CATCAAAGCC 

25141 GGCATCAGAA GGTGACCGTG CCCGGTCTGG GOGTTAGGAi qcCGCAAGAC 
25201 TTGATCTGCT TAAAAGCCAC ^AGCCTTT ^CTTCAG TCCGTCGGTG 
25261 TTGCCGGAAA ACTGAO^GC CGGAC^ ^SSS^S CGATCTIGGC CTTGCTAGAC 
25321 TTGGAGATCT ^CCACATT TOGGCCCCAC ^SSt CCATTICAAT CACGTGCICC 
25381 TGCTCCTTCA GCGCGCGCTG CTOGTTOTCe CTTCGATCTC AGCGCAGCGG 

25441 TTATTTATCA TAATGCTCCC GTGTAGACAC ^GCTCGC ^ TGCAAACGAC 
25501 TGCAGCCACA ACGCGCAGCC CGTGGGCTCC ^TGCTTCT ^^^^ GCTOGTCAAG 

25561 ^SiS^S aSSSS SSSSS agISSS? Sgcatacggc CGCCAGAGCT 

25621 GTCAGCTGCA ACCCGCGGTG CTCCTU^ii^ OCCTTTAGAT CGTTATCCAC GTGCTACTTG 
25681 TCCACTTGGT CAGGCAGTAG CTTGAAGTTT GCCTTTAGAT C ^ CGGCAGCCrc 

25741 TCCATCAACG CGCGCCCAGC CTCCATGCCC TTCTCCCACt, 
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Nucleotide Sequence Analysis (cont) 

25801 AGCGGGTTTA TCACCGTCCT TOCACTTTCC GCTOCACTGG ACTCTTCCTT TTCCTCTICC 
25861 GTCCGCATAC GCOGGGGCAC TCGGTOCTCT 1CATTCAGOC GCOGC ACOGT GCQCTTACCT 
25921 CCCTTGCCGT GCTTGATTAG CACCGGTGGG TTGCTG&AAC CCACCATTTG TAGCGCCACA 
25981 TCTTCTCraT CTTCCTCGCT CTCCAOGATC ACC9CTQGGG ATCGOGGGCG CTCGGGCTTC 
26041 GGAGAGGGGC GCTTCTTTTT CTTTTTGGAC GCAATOGOCA AATCOGCCCT OGAGGTCCAT 
20101 GGCCGGGGGC TOGGTCTGOG CGGCACCACC GCATCTIGTG ACGAGTCTTC TTCGTCCTOG 
26161 GACTCGAGAC GCCGCCTCAG COGCTTTTTT GGGGGOGOGC GGGGAGGCGG OGGOGAQGCC 
26221 GAOGGGGACG ACACGTCCTC CATGGTTGGT GGACGTOGOG CCGCACCGCC TCCGOCCTOG 
26281 OGGGTCGTTT OGCGCTGCTC CTCTTCCCGA CTQGCCATTT CCOTCTCCTA TAGGCAGAAA 
26341 AAGATCATCG AGTCAGTCGA GAAGGAGGAC AGCCTAACCG COOCCTTTOA GTTOGGCACC 
26401 ACOGCCTCCA CCGATGCCGC CAAOGCGCCT ACCACCTTCC CCGTOGAGGC ACCOCOGCTT 
26461 GAGGAGGAGG AAGTCACTAT CGAGCAGGAC CCAGGTTTTO TAAGCGAAGA OGAOGAGGAT 
26521 CGCTCAGTAC CAACAGAGGA TAAAAAGCAA GACCAGGACG ACGCAGAGGC AAACGAGGAA 
26581 CAAGTOGGGC GGGGGGACCA AAGGCATGGC GACTACCTAG ATGTGGGAGA CCACCTOCTC 
26641 TTGAAGCATC TCCAGCGCCA GTOOGCCATT ATCTGCGACG CGTTCCAAGA GCGCAGCGAT 
26701 GTGCCCCTCG CCATAGCGGA TGTCAGCCTT GCCTACGAAC GCCACCTGTT CTCACCGOGC 
26761 GTACCCCCCA AACGCCAAGA AAAOGGCACA TCCGAGCCCA ACCCGCQCC T CAACTTCTAC 
26821 CCOGTATTTG COGTOCCAGA GGTGCTTGCC ACCTATCACA TCTTTTTCCA AAAC TGCAAG 
26881 ATACCCCTAT CCTGCCGTGC CAACCGCAGC CGAGCGGACA AGCAGCTOGC CTMCGGCAC 
.26941 GGCGCTGTCA TAOCTCATAT OGCCTOGCTC GACGAAGTCC CAAAAATCTT TCAGGGTCTT 
27O01 GGAOGCGACG AGAAAOGCGC GGGAAACGCT CTGCAACAAG AAAACAGOGA AAATGAAAGT 
27061 CACTCTGGAG T6CTCGTGGA ACTTGAGGGT GACAAOGCGC GCCTAGCCGT GCTGAAACGC 
27121 AGCATCGAGG TCACCCACTT TGCCTACCCG GCACTTAACC TACCCCCCAA GGTTA TCACC 
. 27181 ACAGTCATGA GCGAGCTCAT CGTCOGCOGT GCACGACCCC TOGAGAGGGA TCCAAACTTC 
27241 CAAGAACAAA CCGAGGAGGG CCTACCCGCA GTTGGCGA1G AGCAGCTCGC GCGCTGGCTT 
27301 GAGAOGCGCG AGCCTCCCGA CTTGGAGGAG OGAOGCAAGC TAATGATGGC CGCAGTCCTT 
27361 GTTACCGTGG AGCTTGAGTG CATGCAGCGG TTCTTTGCTG ACCCGGAGAT GCAGCGCAAG 
27421 CTAGAGGAAA CGTTGCACTA CACCTTTCGC CAGGGCTACG TCCGCCAGGC CTGCAAAATT 
27481 TCCAACGTGG AGCTCTGCAA CCTGGTCTCC TACCTTOGAA TTTTCCACGA AAACCGCCTC 
27541 GGGCAAAACG TGCTTCATTC CACGCTCAAG GGCGAGGCGC GCCGCGACTA CSGTOOGOGAC 
27601 TGCGOTTACT TATTTCTGTG CTACACCTGG CAAACGGCCA TCGGCGTGTG GCAGCAATCC 
27661 CTCGAGGAGC GCAACCTAAA GGAGCTCCAG AAGCTGCTAA AGCAAAACOT GAAGGACCTA 
27721 TOGACGGCCT TCAACGAGCG CTCCGTGGCC GCGCACCTGG CGGACATTAT CTTCCCOGAA 
27781 CGCCTOCTTA AAACCCTGCA ACAGGGTCTG CCAGACTTCA CCAGTCAAAG CATGTOGCAA 
27841 AACTTTAGGA ACTTTATCCT AGAGCGTTCA GGAATTCTGC CCGCCACCTC CTGTGCGCTT 
27901 CCTAGCGACT TTGTGCCCAT TAAGTACCGT GAATGCCCTC CGCCGCTTTG GGGTCACTCC 
27961 TACCTTCTGC AGCTAGCCAA CTACCTTGCC TACCACTCCG ACATCATCGA AGACGTGAGC 
28021 GGTCACGGCC TACTCGAGTC TCACTCTCGC TGCAACCTAT GCACCCCGCA OCGCTCCCTG 
28081 GTCTGCAATT CGCAACTGCT TAGCGAAAGT CAAATTATOG GTACCTTTGA GCTCCAGGGT 
28141 CCCTCGCCTC ACGAAAAGTC CGCGGCTCCG GGGTTCAAAC TCACTCCGGG GCTCTGGACG 
28201 TCGGCTTACC TTCGCAAATT TGTACCTGAG GACTACCACG CCCACGAGAT TAGGTTCTAC 
28261 GAAGACCAAT CCCGCCCGCC AAATGCGGAG CTTACCCCCT GCGTCATTAC OCAGGGCCAC 
28321 ATCCTTOGCC AATTCCAAGC CATCAACAAA GCCCGCCAAG AGTTTCTGCT ACGAAAGGGA 
28381 OGGGGGGTTT ACCTGGACCC CCAGTCCGGC GAGGAGCTCA ACCCAATCCC CCCGCOGCCG 
28441 CAGCCCTATC AGCAGCCGCG GGCCCTTGCT TCCCAGGATC GCACCCAAAA AGAAGCTGCA 
28501 GCTGCCGCCG CCGCCACCCA CGGACGAGGA GGAATACTOG GACAGTCAGG CAGAGGAGGT 
28561 TTTGGACGAG GAGGAGGAGA TGATGGAAGA CTCGGACAGC CTAGACGAAG CTTCCGAGGC 
28621 CGAAGAGGTG TCAGACGAAA CACCGTCACC CTCGGTCGCA TTCGCCTCGC CGGCGCCCCA 
28681 GAAATTCGCA ACCGTTCCCA GCATOGCTAC AACCTCOGCT CCTCAGGCGC CGCCGGCACT 
28741 GCCTGTTCGC CGACCCAACC GTAGATGGGA CACCACTOGA ACCAGGGCCG GTAAGTCTAA 
28801 GCAGCCGCCG COGTTAGCCC AAGAGCAACA ACAGCGqCAA GGCTACCGCT OGTGGCGCGG 
28861 GCACAAGAAC CCCATAGTTC CTTGCTTGCA AGACTGTGGG GGCAACATCT CCTTCGCCCG 
28921 CCGCTTTCTT CTCTACCATC ACGGCGTGGC C1TCCCCCGT AACATCCTGC ATTACTACCG 
28981 TCATCTCTAC AGCCCCTACT GCACCGGCGG CAGCGGCAGC GGCAGCAACA GCAGCGGTCA 
29041 CACAGAAGCA AAGGCGACCG GATAGCAAGA CTCTGACAAA GCCCAAGAAA TCCACAGCGG 
29101 CGGCAGCAGC AGGAGGAGGA GCGCTGCGTC TGGCGCCCAA CGAACCCGTA TCGACCCGCG 
29161 AGCTTAGAAA TAGGATTTTT CCCACTCTGT ATGCTATATT TCAACAAAGC AGGGGCCAAG 



WO y4/1264V 



-93- 



Nucleotide Sequence Analysis (conL) 

29221 AACAAGAGCT GAAAATAAAA AACAGGTCTC T6CCCTCCCT CACC^CAGC TCCCTCTATC 
29281 ACAAAAGCGA AGATCAGCTT C6GCGCACGC TOGAAGACGC GGAGGCTCTC OTX3KSCAAAT 
29341 ACTCOGCGCT GACTCTTAAG GACTACTTTC GCGCOCTTTC TCAAATTTAA CCGOSAAAAC 
29401 TACGTCATCT CCAGCGGCCA CACCCGGCGC CAGCACCTGT CCT^CCGCC A^ATCAGCA 
29461 AGGAAATTCC CACGCCCTAC ATCTGOAGTT ACCAGCCACA AATCGGACTT GOGGCTOOAG 
29521 CTGCCCAAGA CTACTCAACC CGAATAAACT ACATGAGCGC GGGACCCCAC ATCAIMCCC 
29581 GGGTCAACGG AATCCGCGCC CACOGAAACC GAATTCTCCT COAACAGGCG GCTATTACCA 
29641 CCACACCTCG TAATAACCTT AATCCCCGTA OTTOGCCCGC TCCCCTGGTC TACCAGGAAA 
29701 «TCCCGCTCC CACCACTCTO GTACTTCCCA GAGACGCCCA GGTOGAAOTT CAGATCACTA 
29761- ACICAGGGGC GCAGCTIGCG GOCGGCTTTC CTCACAGOCT GCGGTCGCCC CGGCAGGOTA 
29821 TAACTCACCT GAAAATCAGA GGGGGAGGTA TTCAGCTCAA ^OGAGTCG GTGAGCTCCT 
29881 CTCTTGGTCT CC6TCCGGAC GGGACATXTC AGATCGGCGG OGCTCGCOCC TCTTCATTTA 
29941 CGCCCCGTCA GGCGATCCTA ACTCTGCAC5A CCTCGTCCTC OGAGCCGCGC TCCGGAGOCA 
30001 TTGGAACTCT ACAATTTATT GAGGAGTTCG ^«™GGT WACTTCAAC CCCTTTTCTG 
30061 GACCTCCOGG CCACTACCOG GACCAGTTTA TPCCCAACOT J»^CGCTC AAAQACTOGG 
30121 CGGACGGCTA OGACTGAA7S ACCAGTCGAG AGGCA6AGOG ACTOCGCCTG ACACACCT^ 
30181 ACCACTGCCG CCGCCACAAG TGCTTTGCCC GOGGCTCCGG ^GTTTTGT TACTT^AAT 
30241 TGGCCGAAGA CCATATCGAG GGCCCGGCGC AOGGCGT«G GCTCAC^CC CAGCTAGAGC 
30301 TTACACGTAG CCTGATTCGG GAGTTTACCA SSSSESS 

ryrrcCTCTQT TCTCACCGTG GTTTCCAACT GTCCTAACCC TGGATTACAr WWtoAA\.iii 
Hill Sl«Afi TATAATAAAT ACAGAAATTA GAATCTACTG GgCTCCTGT 

30481 CGCGATCCTG TCAACGCCAC CGTTTTTACC CACCCAAAGC AGACCAAAGC AAACCTCAOC 
30"J SSSS? CAATMGTAC ™™T £*™JgJ £££££ 

SOfiOl GTAATTTACA ACAGTTTCCA GCGAGACGAA CTAAGTTTGC CACACAACGT TCTCGGCTTC 
30661 SctScS TCAAGAAAAA CACCACCACC ACCACCCTCC TCACCTGCCG GGAACCTACG 

Hill SScSS? SgWtoc gcccacacct acagcctgag cgtaaccaga cawactccc 

30781 A-PrmCCAA AACAGGAGGT GAGCTCAACT CCOGGAACTC AGCTCAAAAA JGCATTTTGC 
30841 GGGGTCCTCG GATTTTTTAA TTAACTATAT GAGCAATTCA JGTAACTCTA GMOCTTCXC 
30901 TAATTTTTCT GGAATTOGGG TCGGCOTTAT OCTTACTCTT GTAATOCTGT 
30961 ACTAGCACTT CTGTGCCTTA GGGWSCCGC CTGCTGCACG ^CGTTTCTA CCTATTGTCA 
31021 GCTTTTTAAA CGCTGGGGGC AACATCCAAG A^GOTACA TCATTTTAGG CTOGCTCGCC 
,,.„. rwvwytr TCieCAGCGC TCCCAAAAAG CTTGAGrTTA AGGAACCAGC TTGCAAI^n 

JSS SSSS? cISSSS ^atgcact actctpataa aatocaccac agaacatgaa 

312^ A^SStI ScGCCACAA AGACAAAATT GGCAAGTATG CTGTATATGC TATTTGGCAG 

31261 cSgtSaca ctaaogacta taatctcaca gtcttccaag gtcaaaatcg taaaactttt 
llltl Set™ tgaaatgtgc cata^cca tgtaca^ag ^aaacagtac 

31381 AAGTTGTGGC CCCCACAAAA GTGTTTAGAG AACACTGGCA CCTTTTGTTC CACOGCTCTG 

Hill SSSSag Scttgcttt ggtatctacc ttactttatc TCAAATACAA AAGCAGACGC 
aisoi aSSattc atgaaaagaa aatccctoga TTTTCCGCTT GCTTGTATTC ccctggacaa 
lllll SSSSS gtgggaStc ctccaggogg gcaagattat acccacaacc ttcaaatcaa 
31621 aSSagcgc ciGArn^ cgagcgcctg ca^gcaaat ttgatcaaac 

TUfiftl ccatSCTTCAG CTTGCCIOCT CCAGAGATGA CCGGCTCAAC CATCGCGCCC ACAACOGACT 
SSSaS2 CACTGcScC GGACTAACAT CTCCCCTAAA nTACCCCAA GTTCATOCCT 

VilVi JS?S^SgS SgSSagc ttggacaogt ggtcgtttk: CATAGCGCTT ATGTTTGTTT 

llHl £S££S£ MTTGTTGCC TAAAGCGCAG ACGCGCCAGA CCCCCCATCT 

Viiil SSSSat cattotgctc aacccacaca atcaaaaaat tcatagattg gacggtctga 
lllll a^SSSS SSS?Sa cagtatcatt aaatcagaca tgattcctcg agttcttata 
lllll ^SSSS? ttSSgct tttcigtccg tcctctacat tggccgcggt cgctcacatc 
lllil SaSSSS SSSSS SSLgtt TAccTGcrrr aogoatttgt caccc^atc 
32161 ctStctgca gcctcgtcac tctagtcatc gccttcattc agttcattga ctgggtttgt 

32221 SSJSSS SS^CTCAG GCACCATCCG CAATACAGAG ACAGGACTAT JGCTGATCTT 

322ai ctcSaattc tttaattatc aaacggagtg tcatttttgt tttgctcatt ttttgcgccc 
lllll SSSgtcct SSctcccaa acctcagcgc ctcccaaaag acatatttcc tgcagattca 

HIV! JJSSSS GAACATTCCC AGCTCCTACA ACAAACAGAG CGATTTGTCA GAAGCCTGGT 

Well SSJSS? SSSSStc ATGGTTi-rrr gcagtaccat ttttgcccta GCCATATATC 

32461 TATACGCCAT "l^rcrbiv . iTGCCATAG atgccatcaa ccaccctact ttcccagtgc 

32S21 CATACCTTGA CATTGGCTGG AATGCCATAG ^cccTCGC CCCCCrTCTC 

32581 CCGCTGTCAT ACCACTGCAA CAGGTTAitc 



WO V4/1264y 



-94- 

Nucleotide Sequence Analysis (cont.) 

3264}. CCACCC2CCAC TGAGATTAGC TACTTTAATT TGACAGGTGG AGATGACTGA ATCTCTAGAT 
32701 CTAGAATTGG ATGGAATTAA CACCGAACAG CGCCTACTAG AAAGGCGCAA GGCGGOGTCC 
32761 GAGCGAGAAC GCCTAAAACA AGAACTTGAA GACATCGTTA ACCTACACCA CTCTAAAAGA 
32821 CGT A TCTTTT GTCTGGTCAA GCAGGCCAAA CTTACCTAOS AAAAAACCAC TACOOSCAAC 
32881 CGCCTCAGCT ACAAGCTACC C&CCCACCGC CAAAAACTGG TCCTTATOOT GGGAGAAAAA 
32941 CCTATCACCG TCACCCAGCA CTCGGCAGAA ACAGAGGGCT GCCTGCACTT OCCCTATCAG 
33001 GGTOCAGAGO ACCTCTGCAC TCTTATTAAA ACCATCTCTG CTATTAGAGA TCT TATT CCA 
33061 TTCAACTAAC ATAAACACAC AATAAATTAC TTACTTAAAA TCAGTCAGCA AATCTTTCTC 
33121 CAGCTTATTC AGCATCACCT CCTOTCCTTC CTCCCAACTC TGGTATCTCA OCCOCCITTT 
33.181 AGCTCCAAAC TTTCTCCAAA GTTTAAATQG GATGTCAAAT TCCTCATGTT CTTGTCCCTC 
33241 ceCACCCACT ATCTTCATAT TGTTGCAGAT CAAACGCGCC AGACCGTCTG AAGACACCTT 
33301 CAACCCCOTC TATCCATATCS ACACAGAAAC CGGGCCTCCX ACTGTGCCCT TTCTTACCCC 
33361 TCCATTTGTT TCACCCAATC GTTTCCAAGA AAGTCCCCCT GGAGTTCTCT CTCTAOCOGT 
33421 CTCOGAACCT TTOGACACCT CCCACGCCAT GCTTGCGCTT AAAATGGGCA GCGGTCTTAC 
33481 CCTAGACAAG GCCGGAAACC TCACCTCCCA AAATGTAACC ACTGTTACTC AGCCACTTAA 
33541 AAAAACAAAG TCAAACATAA GTTTOGACAC CTCCGCACCA CTTACAATTA CCTCAGGCGC 
33601 CCTAACAGTC GCAACCACCG CTCCTCTGAT AGTTACTAGC GGCGCTCTTA GCGTACAGTC 
33661 ACAAGCCCCA CTGACCGTGC AAGACTCCAA ACTAAGCATT GCTACTAAAG GGCCCATTAC 
33721 AGTGTCAGAT GGAAAGCTAG CCCTOCAAAC ATCAGCCCCC CTCTCTGGCA GTGACAGOGA 
337*1 CACCCTTACT GTAACTCCAT CACCCCCGCT AACTACTGCC ACGGGTAGCT TOGGC ATTAA 
33841 CATGGAAGAT CCTATTTATG TAAATAATCG AAAAATAGGA ATTAAAATAA GCGGTCCTTT 
33901 GCAAGTAGCA CAAAACTCCG ATACACTAAC AGTAGTTACT GGACCAGGTG TCACCGTTGA 
33961 ACAAAACTCC CTTAGAACCA AAGTTGCAGG AGCTATTCGT TATCATTCAT CAAACAACAT 
34021 GGAAATXAAA ACGGGCGGTG GCATGOGTAT AAATAACAAC TTGTTAATTC TAGATGTGCA 
34081 TTACCCATTT GATCCTCAAA CAAAACTACG TCTTAAACTG GGGCACGGAC GCCTGTATAT 
34141 TAATCCATCT CATAACTTCG ACATAAACTA TAACAGAGGC CTATACCTTT TTAATGCATC 
34201 AAACAATACT AAAAAACTCG AACTTACCAT AAAAAAATCC AGTGGACTAA ACTTTGATAA 
34261 TACTCCCATA GCTATAAATG CAGGAAAGGG TCTGGAGTTT GATACAAACA CATCTCAGTC 
34321 TCCAGATATC AACCCAATAA AAACTAAAAT TGGCTCTGGC ATTGATTACA ATGAAAAOGG 
34381 -TOCCATCATr ACTAAACTTO GAGCGGCTTX AAGCTTTCAC AACTCAGGGG CCATTACAAT 
34441 AGGAAACAAA AATCATCACA AACTTACCCT GTGGACAACC CCAGACCCAT CTCCTAACTG 
34S01 CAGAATTCAT TCAGATAATG ACTGCAAATT TACTTTGGTT CTTACAAAAT CTCGGAGTCA 
34561 AGTACTAGCT ACTGTAGCTC CTTTGGCTGT ATCTGGAGAT CTTTCATCCA TCACAGGCAC 
34621 CGTTOCAAGT GTTAGTATAT TCCTTAGATT TGACCAAAAC GGTGTTCTAA TGGAGAACTC 
34681 CTCACTTAAA AAACATTACT GGAACTTTAG AAATGGGAAC TCAACTAATG CAAATCCATA 
34741 CACAAATCCA GTTCGATTTA TGCCTAACCT TCTAGCCTAT CCAAAAACCC AAAGTCAAAC 
34801 TGCTAAAAAT AACATTCTCA GTCAAGTTTA CTTGCATGGT GATAAAACTA AACCTATGAT 
34861 ACTTACCATT ACACTTAATG GCACTAGTGA ATCCACAGAA ACTAGCGAGG TAAGCA CTTA 
34921 CTCTATGTCT TTTACATGGT CCTGGGAAAC TGGAAAATAC ACCACTGAAA CTTTTGCTAC 
34981 CAACTCTTAC ACCTTCTCCT ACATTGCCCA GGAATAAAGA ATCCTGAACC TGTTGCATCT 
35041 TATGTTTCAA CGTCGGATCC TTTATTATAG GGGAAGTCCA CGCCTACATC GGGGTAGAGT 
35101 CATAATCGTG CATCAGGATA GGGCGGTGGT GCTGCAGCAG CGCGCGAATA AACTCCTCCC 
35161 GCCGCCGCTC CGTCCIGCAG GAATACAACA TCGCAGTGCT CTCCTCAGCG ATGATTCGCA 
35221 CCGCCCGCAG CATGAGACGC CTTCTCCTCC GGGCACAGCA GCGCACCCTG ATCTCACTTA 
' 35281 AATCAGCACA GTAACTGCAG CACAGCACCA CAATATTGTT CAAAATCCCA CAGTGCAAGG 
35341 CGCTCTATCC AAAGCTCATG GCGGGGACCA CAGAACCCAC GTGGCCATCA TACCACAAGC 
3S401 GCAGGTAGAT TAAGTCGCGA CCCCTCATAA ACACGCTGGA CATAAACATT ACCTCTITTC 
35461 GCATCTTGTA ATTCACCACC TCCCGGTACC ATATAAACCT CTGATTAAAC ATGGCGCCAT 
35S21 CCACCACCAT CCTAAACCAG CTGGCCAAAA CCTGCCCGCC GGCTATCCAC TGCAGGGAAC 
35581 CGGGACTGGA ACAATGACAG TCGAGAGCCC AGGACTCGTA ACCATGGATC ATCATGCTCG 
35641 TCATGATATC AATCTTGGCA CAACACAGGC ACACGTGCAT ACACTTCCTC AGO ATT AC AA 
35701 GCTCCTCCCG CGTCAGAACC ATATCCCAGG GAACAACCCA TTCCTGAATC AGCGTAAATC 
35761 CCACACTGCA GGGAAGACCT CGCACGTAAC TCACGTTGTO CATTGTCAAA GTGTTACATT 
35821 CGGGCAGCAG CGGATGATCC TCCAGTATGG TAGCGCGGGT CTCTCTCTCA AAAGGAGGTA 
35881 GGCGATCCCT ACTGTACGGA GTGCGCCGAG ACAACCGAGA TCGTGTTGGT CGTAGTGTCA 
35941 TGCCAAATGG AACGCCGGAG GTAGTCATAT TTCATCGACA CGGCACCAGC TCAATCAGTC 
36001" ACAGTGTAAA AAGGGCCAAG TACAGAGCGA GTATATATAG GACTAAAAAA TGACGTAACG 



WO 94/12649 



-95- 



Nudeotide Sequence Analysis (cont.) 

36061 •GTTAAAGTCC ACAAAAAACA CCCAGAAAAC CGCACGOCAA CCTACGCCCA GAAACGAAAG 
36121 CCAAAAAACC CACAACOTCC TCAAATCTTC ACTTCCGTTT TCCCACGATA CGTCACTTOC 
36181 CATTTTAAAA AAACTACAAT TCCCAATACA TOCAAGTTAC TCCGCCCTAA A^CTAOOTC 
36241 ACCCGCCCCG TTCCCACGCC CCGCCCCACG TCACAAACTC CACCCCCTCA TTftTCATATT 
■36301 GGCITCAATC CAAAATAAGG TATATTATGA TCATG 



5 



10 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANTS: Gregory, R.J., Armentano, D w Couture, L.A. , Smith, 
A. E . 

(ii) TITLE OF INVENTION: GENE THERAPY FOR CYSTIC FIBROSIS 



(iii) NUMBER OF SEQUENCES: 9 



(iv) CORRESPONDENCE ADDRESS: 

15 (A) ADDRESSEE: LAHIVE & COCKFIELD 

(B) STREET: 60 STATE STREET, SUITE 510 

(C) CITY: BOSTON 

(D) STATE: MASSACHUSETTS 

(E) COUNTRY: USA 
20 (F) ZIP: 02109 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
30 (B) FILING DATE: 02-DEC-1993 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/985,478 
35 (B) FILING DATE: 02 -DEC- 1992 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Hanley, Elizabeth A. 
40 (B) REGISTRATION NUMBER: 33,505 

(C) REFERENCE /DOCKET NUMBER: NZI-014CP2PC 

(ix) TELECOMMUNICATION INFORMATION: 
(A) TELEPHONE: (617) 227-7400 
45 (B) TELEFAX: (617) 227-5941 



(2) INFORMATION FOR SEQ ID NO:l: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6129 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

55 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 133.. 4572 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



AATTGGAAGC AAATGACATC ACAGCAGGTC AGAGAAAAAG GGTTGAGCGG CAGGCACCCA 60 
GAGTAGTAGG TCTTTGGCAT TAGGAGCTTG AGCCCAGACG GCCCTAGCAG GGACCCCAGC 12 0 



GCCCGAGAGA CC ATG CAG AGG TCG CCT CTG GAA AAG GCC AGC GTT GTC 168 
Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val 
15 15 10 

TCC AAA CTT TTT TTC AGC TGG ACC AGA CCA ATT TTG AGG AAA GGA TAC 216 

Ser Lys Leu Phe Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr 
15 20 25 

20 

AGA CAG CGC CTG GAA TTG TCA GAC ATA TAC CAA ATC CCT TCT GTT GAT 264 

Arg Gin Arg Leu Glu Leu Ser Asp lie Tyr Gin lie Pro Ser Val Asp 
30 35 40 

25 TCT GCT GAC AAT CTA TCT GAA AAA TTG GAA AGA GAA TGG GAT AGA GAG 312 
Ser Ala Asp Asn Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu 
45 50 55 60 

CTG GCT TCA AAG AAA AAT CCT AAA CTC ATT AAT GCC CTT CGG CGA TGT 360 
30 Leu Ala Ser Lys Lys Asn Pro Lys Leu lie Asn Ala Leu Arg Arg Cys 

65 70 75 

TTT TTC TGG AGA TTT ATG TTC TAT GGA ATC TTT TTA TAT TTA GGG GAA 408 
Phe Phe Trp Arg Phe Met Phe Tyr Gly lie Phe Leu Tyr Leu Gly Glu 
35 80 85 90 

GTC ACC AAA GCA GTA CAG CCT CTC TTA CTG GGA AGA ATC ATA GCT TCC 456 

Val Thr Lys Ala Val Gin Pro Leu Leu Leu Gly Arg lie lie Ala Ser 
95 100 105 

40 

TAT GAC CCG GAT AAC AAG GAG GAA CGC TCT ATC GCG ATT TAT CTA GGC 504 

Tyr Asp Pro Asp Asn Lys Glu Glu Arg Ser lie Ala lie Tyr Leu Gly 
110 115 120 

45 ATA GGC TTA TGC CTT CTC TTT ATT GTG AGG ACA CTG CTC CTA CAC CCA 552 
lie Gly Leu Cys Leu Leu Phe lie Val Arg Thr Leu Leu Leu His Pro 
125 130 135 140 

GCC ATT TTT GGC CTT CAT CAC ATT GGA ATG CAG ATG AGA ATA GCT ATG 600 
50 Ala He Phe Gly Leu His His He Gly Met Gin Met Arg He Ala Met 

145 150 155 

TTT AGT TTG ATT TAT AAG AAG ACT TTA AAG CTG TCA AGC CGT GTT CTA 648 
Phe Ser Leu He Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu 
55 160 165 170 
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GAT AAA ATA AGT ATT GGA CAA CTT GTT AGT CTC CTT TCC AAC AAC CTG 696 
Asp Lys lie Ser lie Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu 
175 180 185 

5 

AAC AAA TTT GAT GAA GGA CTT GCA TTG GCA CAT TTC GTG TGG ATC GCT 744 
Asn Lys Phe Asp Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala 
190 195 200 

10 CCT TTG CAA GTG GCA CTC CTC ATG GGG CTA ATC TGG GAG TTG TTA CAG 792 
Pro Leu Gin Val Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin 
205 210 215 220 

GCG TCT GCC TTC TGT GGA CTT GGT TTC CTG ATA GTC CTT GCC CTT TTT 840 
15 Ala Ser Ala Phe Cys Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe 

225 230 235 

CAG GCT GGG CTA GGG AGA ATG ATG ATG AAG TAC AGA GAT CAG AGA GCT 888 
Gin Ala Gly Leu Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala 
20 240 245 250 

GGG AAG ATC AGT GAA AGA CTT GTG ATT ACC TCA GAA ATG ATT GAA AAT 936 
Gly Lys He. Ser Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn 
255 260 265 

25 

ATC CAA TCT GTT AAG GCA TAC TGC TGG GAA GAA GCA ATG GAA AAA ATG 984 
He Gin Ser Val Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met 
270 275 280 

30 ATT GAA AAC TTA AGA CAA ACA GAA CTG AAA CTG ACT CGG AAG GCA GCC 1032 
He Glu Asn Leu Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala 
285 290 295 300 

TAT GTG AGA TAC TTC AAT AGC TCA GCC TTC TTC TTC TCA GGG TTC TTT 1080 
35 Tyr Val" Arg Tyr Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe 

305 310 315 

GTG GTG TTT TTA TCT GTG CTT CCC TAT GCA CTA ATC AAA GGA ATC ATC 1128 
Val Val Phe Leu Ser Val Leu Pro Tyr Ala Leu He Lys Gly He He 
40 320 325 330 

CTC CGG AAA ATA TTC ACC ACC ATC TCA TTC TGC ATT GTT CTG CGC ATG 1176 
Leu Arg Lys He Phe Thr Thr He Ser Phe Cys He Val Leu Arg Met 
335 340 345 



45 



GCG GTC ACT CGG CAA TTT CCC TGG GCT GTA CAA ACA TGG TAT GAC TCT 1224 
Ala Val Thr Arg Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser 
350 355 360 



50 CTT GGA GCA ATA AAC AAA ATA CAG GAT TTC TTA CAA AAG CAA GAA TAT 1272 
Leu Gly Ala He Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr 
365 370 375 380 

AAG ACA TTG GAA TAT AAC TTA ACG ACT ACA GAA GTA GTG ATG GAG AAT 1320 
55 Lys Thr Leu Glu Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn 

385 390 395 
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GTA ACA GCC TTC TGG GAG GAG GGA TTT GGG GAA TTA TTT GAG AAA GCA 1368 
Val Thr Ala Phe Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala 
400 405 410 

5 

AAA CAA AAC AAT AAC AAT AGA AAA ACT TCT AAT GGT GAT GAC AGC CTC 1416 
Lys Gin Asn Asn Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu 
415 420 425 

10 TTC TTC AGT AAT TTC TCA CTT CTT GGT ACT CCT GTC CTG AAA GAT ATT 1464 
Phe Phe Ser Asn Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp lie 
430 435 440 

AAT TTC AAG ATA GAA AGA GGA CAG TTG TTG GCG GTT GCT GGA TCC ACT 1512 
15 Asn Phe Lys He Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr 
445 450 455 460 

GGA GCA GGC AAG ACT TCA CTT CTA ATG ATG ATT ATG GGA GAA CTG GAG 1560 
Gly Ala Gly Lys Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu 
20 465 470 475 

CCT TCA GAG GGT AAA ATT AAG CAC AGT GGA AGA ATT TCA TTC TGT TCT 1608 
Pro Ser Glu Gly Lys lie Lys His Ser Gly Arg He Ser Phe Cys Ser 
480 485 490 

25 

CAG TTT TCC TGG ATT ATG CCT GGC ACC ATT AAA GAA AAT ATC ATC TTT 1656 
Gin Phe Ser Trp He Met Pro Gly Thr He Lys Glu Asn He He Phe 
495 500 505 

30 GGT GTT TCC TAT GAT GAA TAT AGA TAC AGA AGC GTC ATC AAA GCA TGC 1704 
Gly Val Ser Tyr Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys 
510 515 520 

CAA CTA GAA GAG GAC ATC TCC AAG TTT GCA GAG AAA GAC AAT ATA GTT 1752 
35 Gin Leu Glu Glu Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val 
525 530 535 540 

CTT GGA GAA GGT GGA ATC ACA CTG AGT GGA GGT CAA CGA GCA AGA ATT 1800 
Leu Gly Glu Gly Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He 
40 545 550 555 

TCT TTA GCA AGA GCA GTA TAC AAA GAT GCT GAT TTG TAT TTA TTA GAC 1848 
Ser Leu Ala Arg Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp 
560 565 570 



45 



TCT CCT TTT GGA TAC CTA GAT GTT TTA ACA GAA AAA GAA ATA TTT GAA 1896 
Ser Pro Phe Gly Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu 
575 580 585 



50 AGC TGT GTC TGT AAA CTG ATG GCT AAC AAA ACT AGG ATT TTG GTC ACT 1944 
Ser Cys Val Cys Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr 
590 595 600 

TCT AAA ATG GAA CAT TTA AAG AAA GCT GAC AAA ATA TTA ATT TTG CAT 1992 
55 Ser Lys Met Glu His Leu Lys Lys Ala Asp Lys He Leu He Leu His 
605 610 615 620 



WU 94/12649 



- 100- 



GAA GGT AGC AGC TAT TTT TAT GGG ACA TTT TCA GAA CTC CAA AAT CTA 2 04 0 

Glu Gly Ser Ser Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu 
625 630 635 

5 

CAG CCA GAC TTT AGC TCA AAA CTC ATG GGA TGT GAT TCT TTC GAC CAA 2 088 

Gin Pro Asp Phe Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin 
640 645 650 

10 TTT AGT GCA GAA AGA AGA AAT TCA ATC CTA ACT GAG ACC TTA CAC CGT 2136 
Phe Ser Ala Glu Arg Arg Asn Ser lie Leu Thr Glu Thr Leu His Arg 
655 660 665 

TTC TCA TTA GAA GGA GAT GCT CCT GTC TCC TGG ACA GAA ACA AAA AAA 2184 
15 Phe Ser Leu Glu Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys 
670 675 680 

CAA TCT TTT AAA CAG ACT GGA GAG TTT GGG GAA AAA AGG AAG AAT TCT 2232 
Gin Ser Phe Lys Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser 
20 685 690 695 700 

ATT CTC AAT CCA ATC AAC TCT ATA CGA AAA TTT TCC ATT GTG CAA AAG 2280 
lie Leu Asn Pro lie Asn Ser lie Arg Lys Phe Ser lie Val Gin Lys 
705 710 715 

25 . 

ACT CCC TTA CAA ATG AAT GGC ATC GAA GAG GAT TCT GAT GAG CCT TTA 2328 
Thr Pro Leu Gin Met Asn Gly lie Glu Glu Asp Ser Asp Glu Pro Leu 
720 725 730 

30 GAG AGA AGG CTG TCC TTA GTA CCA GAT TCT GAG CAG GGA GAG GCG ATA 2376 
Glu Arg Arg Leu Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala lie 
735 740 745 

CTG CCT CGC ATC AGC GTG ATC AGC ACT GGC CCC ACG CTT CAG GCA CGA 2424 
35 Leu Pro Arg lie Ser Val lie Ser Thr Gly Pro Thr Leu Gin Ala Arg 
750 755 760 

AGG AGG CAG- TCT GTC CTG AAC CTG ATG ACA CAC TCA GTT AAC CAA GGT 2472 
Arg Arg Gin Ser Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly 
40 765 770 775 780 

CAG AAC ATT CAC CGA AAG ACA ACA GCA TCC ACA CGA AAA GTG TCA CTG 2520 
Gin Asn He His Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu 
785 790 795 



45 



GCC CCT CAG GCA AAC TTG ACT GAA CTG GAT ATA TAT TCA AGA AGG TTA 2568 
Ala Pro Gin Ala Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu 
800 805 810 



50 TCT CAA GAA ACT GGC TTG GAA ATA AGT GAA GAA ATT AAC GAA GAA GAC 2616 
Ser Gin Glu Thr Gly Leu Glu He Ser Glu Glu He Asn Glu Glu Asp 
815 820 825 

TTA AAG GAG TGC CTT TTT GAT GAT ATG GAG AGC ATA CCA GCA GTG ACT 2664 
55 Leu Lys Glu Cys Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr 
830 835 840 
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ACA TGG AAC ACA TAC CTT CGA TAT ATT ACT GTC CAC AAG AGC TTA ATT 2712 

Thr Trp Asn Thr Tyr Leu Arg Tyr lie Thr Val His Lys Ser Leu lie 
845 850 855 860 

5 

TTT GTG CTA ATT TGG TGC TTA GTA ATT TTT CTG GCA GAG GTG GCT GCT 2760 

Phe Val Leu lie Trp Cys Leu Val lie Phe' Leu Ala Glu Val Ala Ala 

865 870 875 

10 TCT TTG GTT GTG CTG TGG CTC CTT GGA AAC ACT CCT CTT CAA GAC AAA 2808 
Ser Leu Val Val Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys 
880 885 890 

GGG AAT AGT ACT CAT AGT AGA AAT AAC AGC TAT GCA GTG ATT ATC ACC 2856 
15 Gly Asn Ser Thr His Ser Arg Asn Asn Ser Tyr Ala Val lie lie Thr 
895 900 905 

AGC ACC AGT TCG TAT TAT GTG TTT TAC ATT TAC GTG GGA GTA GCC GAC 2904 
Ser Thr Ser Ser Tyr Tyr Val Phe Tyr lie Tyr Val Gly Val Ala Asp 
20 910 915 920 

ACT TTG CTT GCT ATG GGA TTC TTC AGA GGT CTA CCA CTG GTG CAT ACT 2 952 

Thr Leu Leu Ala Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr 
925 930 935 940 

25 

CTA ATC ACA GTG TCG AAA ATT TTA CAC CAC AAA ATG TTA CAT TCT GTT 3000 

Leu lie Thr Val Ser Lys lie Leu His His Lys Met Leu His Ser Val 
945 950 955 

30 CTT CAA GCA CCT ATG TCA ACC CTC AAC ACG TTG AAA GCA GGT GGG ATT 3048 
Leu Gin Ala Pro Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly lie 
960 965 970 

CTT AAT AGA TTC TCC AAA GAT ATA GCA ATT TTG GAT GAC CTT CTG CCT 3096 
35 Leu Asn Arg Phe Ser Lys Asp lie Ala lie Leu Asp Asp Leu Leu Pro 
975 980 985 

CTT ACC ATA TTT GAC TTC ATC CAG TTG TTA TTA ATT GTG ATT GGA GCT 3144 
Leu Thr lie Phe Asp Phe lie Gin Leu Leu Leu lie Val He Gly Ala 
40 990 995 1000 

ATA GCA GTT GTC GCA GTT TTA CAA CCC TAC ATC TTT GTT GCA ACA GTG 3192 
He Ala Val Val Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val 
1005 1010 1015 1020 

45 

CCA GTG ATA GTG GCT TTT ATT ATG TTG AGA GCA TAT TTC CTC CAA ACC 3240 
Pro Val He Val Ala Phe He Met Leu Arg Ala Tyr Phe Leu Gin Thr 
1025 1030 1035 

50 TCA CAG CAA CTC AAA CAA CTG GAA TCT GAA GGC AGG AGT CCA ATT TTC 3288 
Ser Gin Gin Leu Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe 
1040 1045 1050 

ACT CAT CTT GTT ACA AGC TTA AAA GGA CTA TGG ACA CTT CGT GCC TTC 3336 
55 Thr His Leu Val Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe 
1055 1060 1065 
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GGA CGG CAG CCT TAC TTT GAA ACT CTG TTC CAC AAA GCT CTG AAT TTA 3384 
Gly Arg Gin Pro Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu 
1070 1075 1080 

5 

CAT ACT GCC AAC TGG TTC TTG TAC CTG TCA ACA CTG CGC TGG TTC CAA' 3432 
His Thr Ala Asn Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin 
1085 1090 1095 1100 

10 ATG AGA ATA GAA ATG ATT TTT GTC ATC TTC TTC ATT GCT GTT ACC TTC 3480 
Met Arg He Glu Met He Phe Val He Phe Phe He Ala Val Thr Phe 
1105 1110 1115 

ATT TCC ATT TTA ACA ACA GGA GAA GGA GAA GGA AGA GTT GGT ATT ATC 3528 
15 He Ser He Leu Thr Thr Gly Glu Gly Glu Gly Arg Val Gly He He 
1120 1125 1130 

CTG ACT TTA GCC ATG AAT ATC ATG AGT ACA TTG CAG TGG GCT GTA AAC 3576 
Leu Thr Leu Ala Met Asn He Met Ser Thr Leu Gin Trp Ala Val Asn 
20 1135 1140 1145 

TCC AGC ATA GAT GTG GAT AGC TTG ATG CGA TCT GTG AGC CGA GTC TTT 3624 
Ser Ser He Asp Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe 
1150 1155 1160 

25 

AAG TTC ATT GAC ATG CCA ACA GAA GGT AAA CCT ACC AAG TCA ACC AAA 3672 
Lys Phe He Asp Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys 
1165 1170 1175 1180 

30 CCA TAC AAG AAT GGC CAA CTC TCG AAA GTT ATG ATT ATT GAG AAT TCA 3720 
Pro Tyr Lys Asn Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser 
1185 1190 1195 

CAC GTG AAG AAA GAT GAC ATC TGG CCC TCA GGG GGC CAA ATG ACT GTC 3768 
35 His Val Lys Lys Asp Asp He Trp Pro Ser Gly Gly Gin Met Thr Val 
1200 1205 1210 

AAA GAT CTC ACA GCA AAA TAC ACA GAA GGT GGA AAT GCC ATA TTA GAG 3816 
Lys Asp Leu Thr Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu 
40 1215 1220 1225 

AAC ATT TCC TTC TCA ATA AGT CCT GGC CAG AGG GTG GGC CTC TTG GGA 3864 

Asn He Ser Phe Ser He Ser Pro Gly Gin Arg Val Gly Leu Leu Gly 
1230 1235 1240 

■ 45 

AGA ACT GGA TCA GGG AAG AGT ACT TTG TTA TCA GCT TTT TTG AGA CTA 3912 

Arg Thr Gly Ser Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu 
1245 1250 1255 1260 

50 CTG AAC ACT GAA GGA GAA ATC CAG ATC GAT GGT GTG TCT TGG GAT TCA 3960 
Leu Asn Thr Glu Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser 
1265 1270 1275 

ATA ACT TTG CAA CAG TGG AGG AAA GCC TTT GGA GTG ATA CCA CAG AAA 4008 
55 He Thr Leu Gin Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys 
1280 1285 1290 
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GTA TTT ATT TTT TCT GGA ACA TTT AGA AAA AAC TTG GAT CCC TAT GAA 4056 
Val Phe lie Phe Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu 
1295 1300 1305 

5 

CAG TGG AGT GAT CAA GAA ATA TGG AAA GTT GCA GAT GAG GTT GGG CTC 4104 
Gin Tip Ser Asp Gin Glu lie Trp Lys Val Ala Asp Glu Val Gly Leu 
1310 1315 1320 

10 AGA TCT GTG ATA GAA CAG TTT CCT GGG AAG CTT GAC TTT GTC CTT GTG 4152 
Arg Ser Val lie Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val 
1325 1330 1335 1340 

GAT GGG GGC TGT GTC CTA AGC CAT GGC CAC AAG CAG TTG ATG TGC TTG 4200 
15 Asp Gly Gly Cys Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu 

1345 1350 1355 

GCT AGA TCT GTT CTC AGT AAG GCG AAG ATC TTG CTG CTT GAT GAA CCC 4248 
Ala Arg Ser Val Leu Ser Lys Ala Lys lie Leu Leu Leu Asp Glu Pro 
20 1360 1365 1370 

AGT GCT CAT TTG GAT CCA GTA ACA TAC CAA ATA ATT AGA AGA ACT CTA 4296 
Ser Ala His Leu Asp Pro Val Thr Tyr Gin lie lie Arg Arg Thr Leu 
1375 1380 1385 

25 

AAA CAA GCA TTT GCT GAT TGC ACA GTA ATT CTC TGT GAA CAC AGG ATA 4344 
Lys Gin Ala Phe Ala Asp Cys Thr Val lie Leu Cys Glu His Arg lie 
1390 1395 1400 

30 GAA GCA ATG CTG GAA TGC CAA CAA TTT TTG GTC ATA GAA GAG AAC AAA 4392 
Glu Ala Met Leu Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys 
1405 1410 1415 1420 



GTG CGG CAG TAC GAT TCC ATC CAG AAA CTG CTG AAC GAG AGG AGC CTC 4440 
35 Val Arg Gin Tyr Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu 

1425 1430 1435 



TTC CGG CAA GCC ATC AGC CCC TCC GAC AGG GTG AAG CTC TTT CCC CAC 4488 
Phe Arg Gin Ala He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His 
40 1440 1445 1450 

CGG AAC TCA AGC AAG TGC AAG TCT AAG CCC CAG ATT GCT GCT CTG AAA 4536 

Arg Asn Ser Ser Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys 
1455 1460 1465 

45 

GAG GAG ACA GAA GAA GAG GTG CAA GAT ACA AGG CTT TAGAGAGCAG 4582 

Glu Glu Thr Glu Glu Glu Val Gin Asp Thr Arg Leu 
1470 1475 1480 

50 CATAAATGTT GACATGGGAC ATTTGCTCAT GGAATTGGAG CTCGTGGGAC AGTCACCTCA 4642 

TGGAATTGGA GCTCGTGGAA CAGTTACCTC TGCCTCAGAA AACAAGGATG AATTAAGTTT 4702 

TTTTTTAAAA AAGAAACATT TGGTAAGGGG AATTGAGGAC ACTGATATGG GTCTTGATAA 4762 

55 

ATGGCTTCCT GGCAATAGTC AAATTGTGTG AAAGGTACTT CAAATCCTTG AAGATTTACC 4822 



ACTTGTGTTT TGCAAGCCAG ATTTTCCTGA AAACCCTTGC CATGTGCTAG TAATTGGAAA 4 882 
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GGCAGCTCTA AATGTCAATC AGCCTAGTTG ATCAGCTTAT TGTCTAGTGA AACTCGTTAA 4942 



TTTGTAGTGT TGGAGAAGAA CTGAAATCAT ACTTCTTAGG GTTATGATTA AGTAATGATA 5002 
5 ACTGGAAACT TCAGCGGTTT ATATAAGCTT GTATTCCTTT TTCTCTCCTC TCCCCATGAT 5062 



GTTTAGAAAC ACAACTATAT TGTTTGCTAA GCATTCCAAC TATCTCATTT CCAAGCAAGT 5122 



ATTAGAATAC CACAGGAACC ACAAGACTGC ACATCAAAAT ATGCCCCATT CAACATCTAG 5182 

10 

TGAGCAGTCA GGAAAGAGAA CTTCCAGATC CTGGAAATCA GGGTTAGTAT TGTCCAGGTC 5242 

TACCAAAAAT CTCAATATTT CAGATAATCA CAATACATCC CTTACCTGGG AAAGGGCTGT 5302 

15 TATAATCTTT CACAGGGGAC AGGATGGTTC CCTTGATGAA GAAGTTGATA TGCCTTTTCC 5362 

CAACTCCAGA AAGTGACAAG CTCACAGACC TTTGAACTAG AGTTTAGCTG GAAAAGTATG 5422 

TTAGTGCAAA TTGTCACAGG ACAGCCCTTC TTTCCACAGA AGCTCCAGGT AGAGGGTGTG 5482 

20 

TAAGTAGATA GGCCATGGGC ACTGTGGGTA GACACACATG AAGTCCAAGC ATTTAGATGT 5542 

ATAGGTTGAT GGTGGTATGT TTTCAGGCTA GATGTATGTA CTTCATGCTG TCTACACTAA 5602 

25 GAGAGAATGA GAGACACACT GAAGAAGCAC CAATCATGAA TTAGTTTTAT ATGCTTCTGT 5662 



TTTATAATTT TGTGAAGCAA AATTTTTTCT CTAGGAAATA TTTATTTTAA TAATGTTTCA 5722 



AACATATATT ACAATGCTGT ATTTTAAAAG AATGATTATG AATTACATTT GTATAAAATA 5782 

30 

ATTTTTATAT TTGAAATATT GACTTTTTAT GGCACTAGTA TTTTTATGAA ATATTATGTT 5842 

AAAACTGGGA CAGGGGAGAA CCTAGGGTGA TATTAACCAG GGGCCATGAA TCACCTTTTG 5902 

35 GTCTGGAGGG AAGCCTTGGG GCTGATCGAG TTGTTGCCCA CAGCTGTATG ATTCCCAGCC 5962 

AGACACAGCC TCTTAGATGC AGTTCTGAAG AAGATGGTAC CACCAGTCTG ACTGTTTCCA 6022 

TCAAGGGTAC ACTGCCTTCT CAACTCCAAA CTGACTCTTA AGAAGACTGC ATTATATTTA 6082 

40 

TTACTGTAAG AAAATATCAC TTGTCAATAA AATCCATACA TTTGTGT 6129 



(2) INFORMATION FOR SEQ ID NO: 2: 

45 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 1480 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



55 



Met Gin Arg Ser Pro Leu Glu Lys Ala Ser Val Val Ser Lys Leu Phe 
1 5 10 15 
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Phe Ser Trp Thr Arg Pro lie Leu Arg Lys Gly Tyr Arg Gin Arg Leu 
20 25 30 

5 Glu Leu Ser Asp He Tyr Gin He Pro Ser Val Asp Ser Ala Asp Asn 
35 40 45 

Leu Ser Glu Lys Leu Glu Arg Glu Trp Asp Arg Glu Leu Ala Ser Lys 
50 55 60 

10 

Lys Asn Pro Lys Leu He Asn Ala Leu Arg Arg Cys Phe Phe Trp Arg 
65 70 75 80 

Phe Met Phe Tyr Gly He Phe Leu Tyr Leu Gly Glu Val Thr Lys Ala 
15 85 90 95 

Val Gin Pro Leu Leu Leu Gly Arg He He Ala Ser Tyr Asp Pro Asp 
100 105 110 

20 Asn Lys Glu Glu Arg Ser He Ala He Tyr Leu Gly He Gly Leu Cys 
115 120 125 

Leu Leu Phe He Val Arg Thr Leu Leu Leu His Pro Ala He Phe Gly 
130 135 140 

25 

Leu His His He Gly Met Gin Met Arg He Ala Met Phe Ser Leu He 
145 150 155 160 

Tyr Lys Lys Thr Leu Lys Leu Ser Ser Arg Val Leu Asp Lys He Ser 
30 165 170 175 

He Gly Gin Leu Val Ser Leu Leu Ser Asn Asn Leu Asn Lys Phe Asp 
180 185 190 

35 Glu Gly Leu Ala Leu Ala His Phe Val Trp He Ala Pro Leu Gin Val 
195 200 205 

Ala Leu Leu Met Gly Leu He Trp Glu Leu Leu Gin Ala Ser Ala Phe 
210 215 220 

40 

Cys . Gly Leu Gly Phe Leu He Val Leu Ala Leu Phe Gin Ala Gly Leu 
225 230 235 240 

Gly Arg Met Met Met Lys Tyr Arg Asp Gin Arg Ala Gly Lys He Ser 
45 245 250 255 

Glu Arg Leu Val He Thr Ser Glu Met He Glu Asn He Gin Ser Val 
260 265 270 

50 Lys Ala Tyr Cys Trp Glu Glu Ala Met Glu Lys Met He Glu Asn Leu 
275 280 285 

Arg Gin Thr Glu Leu Lys Leu Thr Arg Lys Ala Ala Tyr Val Arg Tyr 
.290 295 300 

55 

Phe Asn Ser Ser Ala Phe Phe Phe Ser Gly Phe Phe Val Val Phe Leu 
305 310 315 320 
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Ser Val Leu Pro Tyr Ala Leu lie Lys Gly lie lie Leu Arg Lys lie 
325 330 335 

5 Phe Thr Thr lie Ser Phe Cys He Val Leu Arg Met Ala Val Thr Arg 
340 345 350 

Gin Phe Pro Trp Ala Val Gin Thr Trp Tyr Asp Ser Leu Gly Ala He 
355 360 365 

10 

Asn Lys He Gin Asp Phe Leu Gin Lys Gin Glu Tyr Lys Thr Leu Glu 
370 375 380 

Tyr Asn Leu Thr Thr Thr Glu Val Val Met Glu Asn Val Thr Ala Phe 
15 385 390 395 400 

Trp Glu Glu Gly Phe Gly Glu Leu Phe Glu Lys Ala Lys Gin Asn Asn 
405 410 415 

20 Asn Asn Arg Lys Thr Ser Asn Gly Asp Asp Ser Leu Phe Phe Ser Asn 
420 425 430 

Phe Ser Leu Leu Gly Thr Pro Val Leu Lys Asp He Asn Phe Lys He 
435 440 445 

25 

Glu Arg Gly Gin Leu Leu Ala Val Ala Gly Ser Thr Gly Ala Gly Lys 
450 455 460 

Thr Ser Leu Leu Met Met He Met Gly Glu Leu Glu Pro Ser Glu Gly 
30 465 470 475 480 

Lys He Lys His Ser Gly Arg He Ser Phe Cys Ser Gin Phe Ser Trp 
485 490 495 

35 He Met Pro Gly Thr He Lys Glu Asn lie lie Phe Gly Val Ser Tyr 
500 505 510 

Asp Glu Tyr Arg Tyr Arg Ser Val He Lys Ala Cys Gin Leu Glu Glu 
515 520 525 

40 

Asp He Ser Lys Phe Ala Glu Lys Asp Asn He Val Leu Gly Glu Gly 
530 535 • 540 

Gly He Thr Leu Ser Gly Gly Gin Arg Ala Arg He Ser Leu Ala Arg 
45 545 550 555 560 

Ala Val Tyr Lys Asp Ala Asp Leu Tyr Leu Leu Asp Ser Pro Phe Gly 
565 570 575 

50 Tyr Leu Asp Val Leu Thr Glu Lys Glu He Phe Glu Ser Cys Val Cys 
580 585 590 

Lys Leu Met Ala Asn Lys Thr Arg He Leu Val Thr Ser Lys Met Glu 
595 600 605 

55 

His Leu Lys Lys Ala Asp Lys He Leu He Leu His Glu Gly Ser Ser 
610 615 620 
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Tyr Phe Tyr Gly Thr Phe Ser Glu Leu Gin Asn Leu Gin Pro Asp Phe 
625 630 635 640 

5 Ser Ser Lys Leu Met Gly Cys Asp Ser Phe Asp Gin Phe Ser Ala Glu 

645 650 655 

Arg Arg Asn Ser He Leu Thr Glu Thr Leu His Arg Phe Ser Leu Glu 
660 665 670 

10 

Gly Asp Ala Pro Val Ser Trp Thr Glu Thr Lys Lys Gin Ser Phe Lys 
675 680 685 

Gin Thr Gly Glu Phe Gly Glu Lys Arg Lys Asn Ser He Leu Asn Pro 
15 690 695 700 

He Asn Ser He Arg Lys Phe Ser He Val Gin Lys Thr Pro Leu Gin 
705 710 715 720 

20 Met Asn Gly He Glu Glu Asp Ser Asp Glu Pro Leu Glu Arg Arg Leu 

725 730 735 

Ser Leu Val Pro Asp Ser Glu Gin Gly Glu Ala He Leu Pro Arg He 
740 745 750 

25 

Ser Val He Ser Thr Gly Pro Thr Leu Gin Ala Arg Arg Arg Gin Ser 
755 760 765 

Val Leu Asn Leu Met Thr His Ser Val Asn Gin Gly Gin Asn He His 
30 770 775 780 

Arg Lys Thr Thr Ala Ser Thr Arg Lys Val Ser Leu Ala Pro Gin Ala 
785 790 795 800 

35 Asn Leu Thr Glu Leu Asp He Tyr Ser Arg Arg Leu Ser Gin Glu Thr 

805 810 815 

Gly Leu Glu lie Ser Glu Glu He Asn Glu Glu Asp Leu Lys Glu Cys 
820 825 830 

40 

Leu Phe Asp Asp Met Glu Ser He Pro Ala Val Thr Thr Trp Asn Thr 
835 840 845 

Tyr Leu Arg Tyr He Thr Val His Lys Ser Leu lie Phe Val Leu He 
45 850 855 860 

Trp Cys Leu Val He Phe Leu Ala Glu Val Ala Ala Ser Leu Val Val 
865 870 875 880 

50 Leu Trp Leu Leu Gly Asn Thr Pro Leu Gin Asp Lys Gly Asn Ser Thr 

885 890 895 

His Ser Arg Asn Asn Ser Tyr Ala Val He He Thr Ser Thr Ser Ser 
900 90S 910 

55 

Tyr Tyr Val Phe Tyr He Tyr Val Gly Val Ala Asp Thr Leu Leu Ala 
915 920 925 
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Met Gly Phe Phe Arg Gly Leu Pro Leu Val His Thr Leu. He Thr Val 
930 935 940 

5 Ser Lys He Leu His His Lys Met Leu His Ser Val Leu Gin Ala Pro 
945 950 955 960 

Met Ser Thr Leu Asn Thr Leu Lys Ala Gly Gly He Leu Asn Arg Phe 
965 970 975 

10 

Ser Lys Asp He Ala He Leu Asp Asp Leu Leu Pro Leu Thr He Phe 
980 985 990 

Asp Phe He Gin Leu Leu Leu He Val He Gly Ala lie Ala Val Val 
15 995 1000 1005 

Ala Val Leu Gin Pro Tyr He Phe Val Ala Thr Val Pro Val He Val 
1010 1015 1020 

20 Ala Phe lie Met Leu Arg Ala Tyr Phe Leu Gin Thr Ser Gin Gin Leu 
1025 1030 1035 1040 

Lys Gin Leu Glu Ser Glu Gly Arg Ser Pro He Phe Thr His Leu Val 
1045 1050 1055 

25 

Thr Ser Leu Lys Gly Leu Trp Thr Leu Arg Ala Phe Gly Arg Gin Pro 
1060 1065 1070 

Tyr Phe Glu Thr Leu Phe His Lys Ala Leu Asn Leu His Thr Ala Asn 
30 1075 1080 1085 

Trp Phe Leu Tyr Leu Ser Thr Leu Arg Trp Phe Gin Met Arg He Glu 
1090 1095 HOO 

35 Met He Phe Val He Phe Phe He Ala Val Thr Phe He Ser He Leu 
1105 1110 1H5 H20 

Thr Thr Giy Glu Gly Glu Gly Arg Val Gly He He Leu Thr Leu Ala 
1125 H30 H35 

40 

Met Asn He- Met Ser Thr Leu Gin Trp Ala Val Asn Ser Ser lie Asp 
1140 H45 H50 

Val Asp Ser Leu Met Arg Ser Val Ser Arg Val Phe Lys Phe He Asp 
45 1155 H60 H65 

Met Pro Thr Glu Gly Lys Pro Thr Lys Ser Thr Lys Pro Tyr Lys Asn 
1170 H75 H80 

50 Gly Gin Leu Ser Lys Val Met He He Glu Asn Ser His Val Lys Lys 
1185 H90 H95 1200 

Asp Asp lie Trp Pro Ser Gly Gly Gin Met Thr Val Lys Asp Leu Thr 

1205 1210 1215 

j 

55 

Ala Lys Tyr Thr Glu Gly Gly Asn Ala He Leu Glu Asn He Ser Phe 
1220 1225 1230 
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Ser lie Ser Pro Gly Gin Arg Val Gly Leu Leu Gly Arg Thr Gly Ser 
1235 1240 1245 

5 Gly Lys Ser Thr Leu Leu Ser Ala Phe Leu Arg Leu Leu Asn Thr Glu 
1250 1255 1260 

Gly Glu He Gin He Asp Gly Val Ser Trp Asp Ser He Thr Leu Gin 
1265 1270 1275 1280 

10 

Gin Trp Arg Lys Ala Phe Gly Val He Pro Gin Lys Val Phe lie Phe 
1285 1290 1295 

Ser Gly Thr Phe Arg Lys Asn Leu Asp Pro Tyr Glu Gin Trp Ser Asp 
15 1300 1305 1310 

Gin Glu He Trp Lys Val Ala Asp Glu Val Gly Leu Arg Ser Val He 
1315 1320 1325 

20 Glu Gin Phe Pro Gly Lys Leu Asp Phe Val Leu Val Asp Gly Gly Cys 
1330 1335 1340 

Val Leu Ser His Gly His Lys Gin Leu Met Cys Leu Ala Arg Ser Val 
1345 1350 1355 1360 

25 

Leu Ser Lys Ala Lys He Leu Leu Leu Asp Glu Pro Ser Ala His Leu 
1365 1370 1375 

* Asp Pro Val Thr Tyr Gin He He Arg Arg Thr Leu Lys Gin Ala Phe 
30 1380 1385 1390 

Ala Asp Cys Thr Val He Leu Cys Glu His Arg He Glu Ala Met Leu 
1395 1400 1405 

35 Glu Cys Gin Gin Phe Leu Val He Glu Glu Asn Lys Val Arg Gin Tyr 
1410 1415 1420 

Asp Ser He Gin Lys Leu Leu Asn Glu Arg Ser Leu Phe Arg Gin Ala 
1425 1430 1435 1440 

40 

He Ser Pro Ser Asp Arg Val Lys Leu Phe Pro His Arg Asn Ser Ser 
1445 1450 1455 

Lys Cys Lys Ser Lys Pro Gin He Ala Ala Leu Lys Glu Glu Thr Glu 
45 1460 1465 1470 

Glu Glu Val Gin Asp Thr Arg Leu 
1475 1480 



50 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 5635 base pairs 

(B) TYPE: nucleic acid 
55 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CATCATCAAT AATATACCTT ATTTTGGATT GAAGCCAATA TGATAATGAG GGGGTGGAGT 60 

5 

TTGTGACGTG GCGCGGGGCG TGGGAACGGG GCGGGTGACG TAGTAGTGTG GCGGAAGTGT 12 0 

GATGTTGCAA GTGTGGCGGA ACACATGTAA GCGCCGGATG TGGTAAAAGT GACGTTTTTG 18 0 

10 GTGTGCGCCG GTGTATACGG GAAGTGACAA TTTTCGCGCG GTTTTAGGCG GATGTTGTAG 24 0 

TAAATTTGGG CGTAACCAAG TAATGTTTGG CCATTTTCGC GGGAAAACTG AATAAGAGGA 300 

AGTGAAATCT GAATAATTCT GTGTTACTCA TAGCGCGTAA TATTTGTCTA GGGCCGCGGG 360 

15 

GACTTTGACC GTTTACGTGG AGACTCGCCC AGGTGTTTTT CTCAGGTGTT TTCCGCGTTC 42 0 

CGGGTCAAAG TTGGCGTTTT ATTATTATAG TCAGCTGACG CGCAGTGTAT TTATACCCGG 480 

20 TGAGTTCCTC AAGAGGCCAC TCTTGAGTGC CAGCGAGTAG AGTTTTCTCC TCCGAGCCGC 540 

TCCGAGCTAG TAACGGCCGC CAGTGTGCTG CAGATATCAA AGTCGACGGT ACCCGAGAGA 600 

CCATGCAGAG GTCGCCTCTG GAAAAGGCCA GCGTTGTCTC CAAACTTTTT TTCAGCTGGA 660 

25 

CCAGACCAAT TTTGAGGAAA GGATACAGAC AGCGCCTGGA ATTGTCAGAC ATATACCAAA 720 

TCCCTTCTGT TGATTCTGCT GACAATCTAT CTGAAAAATT GGAAAGAGAA TGGGATAGAG 780 

30 AGCTGGCTTC AAAGAAAAAT CCTAAACTCA TTAATGCCCT TCGGCGATGT TTTTTCTGGA 840 

GATTTATGTT CTATGGAATC TTTTTATATT TAGGGGAAGT CACCAAAGCA GTACAGCCTC 900 

TCTTACTGGG AAGAATCATA GCTTCCTATG ACCCGGATAA CAAGGAGGAA CGCTCTATCG 960 

35 

CGATTTATCT AGGCATAGGC TTATGCCTTC TCTTTATTGT GAGGACACTG CTCCTACACC 102 0 

CAGCCATTTT TGGCCTTCAT CACATTGGAA TGCAGATGAG AATAGCTATG TTTAGTTTGA 1080 

40 TTTATAAGAA GACTTTAAAG CTGTCAAGCC GTGTTCTAGA TAAAATAAGT ATTGGACAAC 1140 

TTGTTAGTCT CCTTTCCAAC AACCTGAACA AATTTGATGA AGGACTTGCA TTGGCACATT 1200 

TCGTGTGGAT CGCTCCTTTG CAAGTGGCAC TCCTCATGGG GCTAATCTGG GAGTTGTTAC 1260 

45 

AGGCGTCTGC CTTCTGTGGA CTTGGTTTCC TGATAGTCCT TGCCCTTTTT CAGGCTGGGC 1320 

TAGGGAGAAT GATGATGAAG TACAGAGATC AGAGAGCTGG GAAGATCAGT GAAAGACTTG 1380 

50 TGATTACCTC AGAAATGATT GAAAACATCC AATCTGTTAA GGCATACTGC TGGGAAGAAG 1440 

CAATGGAAAA AATGATTGAA AACTTAAGAC AAACAGAACT GAAACTGACT CGGAAGGCAG 1500 

CCTATGTGAG ATACTTCAAT AGCTCAGCCT TCTTCTTCTC AGGGTTCTTT GTGGTGTTTT 1560 

55 

TATCTGTGCT TCCCTATGCA CTAATCAAAG GAATCATCCT CCGGAAAATA TTCACCACCA 1620 

TCTCATTCTG CATTGTTCTG CGCATGGCGG TCACTCGGCA ATTTCCCTGG G CTGTAC AAA 1680 
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CATGGTATGA CTCTCTTGGA GCAATAAACA AAATACAGGA TTTCTTACAA AAGCAAGAAT 1740 

ATAAGACATT GGAATATAAC TTAACGACTA CAGAAGTAGT GATGGAGAAT GTAACAGCCT 1800 

5 TCTGGGAGGA GGGATTTGGG GAATTATTTG AGAAAGCAAA ACAAAACAAT AACAATAGAA 1860 

AAACTTCTAA TGGTGATGAC AGCCTCTTCT TCAGTAATTT CTCACTTCTT GGTACTCCTG 1920 

TCCTGAAAGA TATTAATTTC AAGATAGAAA GAGGACAGTT GTTGGCGGTT GCTGGATCCA 198 0 

10 

CTGGAGCAGG CAAGACTTCA CTTCTAATGA TGATTATGGG AGAACTGGAG CCTTCAGAGG 204 0 

GTAAAATTAA GCACAGTGGA AGAATTTCAT TCTGTTCTCA GTTTTCCTGG ATTATGCCTG 2100 

15 GCACCATTAA AGAAAATATC ATCTTTGGTG TTTCCTATGA TGAATATAGA TACAGAAGCG 2160 

TCATCAAAGC ATGCCAACTA GAAGAGGACA TCTCCAAGTT TGCAGAGAAA GACAATATAG 2220 

TTCTTGGAGA AGGTGGAATC ACACTGAGTG GAGGTCAACG AGCAAGAATT TCTTTAGCAA 2280 

20 

GAGCAGTATA CAAAGATGCT GATTTGTATT TATTAGACTC TCCTTTTGGA TACCTAGATG 234 0 

TTTTAACAGA AAAAGAAATA TTTGAAAGCT GTGTCTGTAA ACTGATGGCT AACAAAACTA 2400 

25 GGATTTTGGT CACTTCTAAA ATGGAACATT TAAAGAAAGC TGACAAAATA TTAATTTTGC 2460 

ATGAAGGTAG CAGCTATTTT TATGGGACAT TTTCAGAACT CCAAAATCTA CAGCCAGACT 2520 

TTAGCTCAAA ACTCATGGGA TGTGATTCTT TCGACCAATT TAGTGCAGAA AGAAGAAATT 2580 

30 

CAATCCTAAC TGAGACCTTA CACCGTTTCT CATTAGAAGG AGATGCTCCT GTCTCCTGGA 2640 

CAGAAACAAA AAAACAATCT TTTAAACAGA CTGGAGAGTT TGGGGAAAAA AGGAAGAATT 2 700 

35 CTATTCTCAA TCCAATCAAC TCTATACGAA AATTTTCCAT TGTGCAAAAG ACTCCCTTAC 2 76 0 

AAATGAATGG CATCGAAGAG GATTCTGATG AGCCTTTAGA GAGAAGGCTG TCCTTAGTAC 2820 

CAGATTCTGA GCAGGGAGAG GCGATACTGC CTCGCATCAG CGTGATCAGC ACTGGCCCCA 2880 

40 

CGCTTCAGGC ACGAAGGAGG CAGTCTGTCC TGAACCTGAT GACACACTCA GTTAACCAAG 2940 

GTCAGAACAT TCACCGAAAG ACAACAGCAT CCACACGAAA AGTGTCACTG GCCCCTCAGG 3 000 

45 CAAACTTGAC TGAACTGGAT ATATATTCAA GAAGGTTATC TCAAGAAACT GGCTTGGAAA 3060 

TAAGTGAAGA AATTAACGAA GAAGACTTAA AGGAGTGCCT TTTTGATGAT ATGGAGAGCA 3120 

TACCAGCAGT GACTACATGG AACACATACC TTCGATATAT TACTGTCCAC AAGAGCTTAA 3180 

50 

■ TTTTTGTGCT AATTTGGTGC TTAGTAATTT TTCTGGCAGA GGTGGCTGCT TCTTTGGTTG 3240 

TGCTGTGGCT CCTTGGAAAC ACTCCTCTTC AAGACAAAGG GAATAGTACT CATAGTAGAA 3300 

55 ATAACAGCTA TGCAGTGATT ATCACCAGCA CCAGTTCGTA TTATGTGTTT TACATTTACG 3360 

TGGGAGTAGC CGACACTTTG CTTGCTATGG GATTCTTCAG AGGTCTACCA CTGGTGCATA 3420 

CTCTAATCAC AGTGTCGAAA ATTTTACACC ACAAAATGTT ACATTCTGTT CTTCAAGCAC 3480 
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CTATGTCAAC CCTCAACACG TTGAAAGCAG GTGGGATTCT TAATAGATTC TCCAAAGATA 3540 

TAGCAATTTT GGATGACCTT CTGCCTCTTA CCATATTTGA CTTCATCCAG TTGTTATTAA 3600 

5 

TTGTGATTGG AGCTATAGCA GTTGTCGCAG TTTTACAACC CTACATCTTT GTTGCAACAG 3660 

TGCCAGTGAT AGTGGCTTTT ATTATGTTGA GAGCATATTT CCTCCAAACC TCACAGCAAC 372 0 

10 TCAAACAACT GGAATCTGAA GGCAGGAGTC CAATTTTCAC TCATCTTGTT ACAAGCTTAA 3780 

AAGGACTATG GACACTTCGT GCCTTCGGAC GGCAGCCTTA CTTTGAAACT CTGTTCCACA 3840 

AAGCTCTGAA TTTACATACT GCCAACTGGT TCTTGTACCT GTCAACACTG CGCTGGTTCC 3900 

15 

AAATGAGAAT AGAAATGATT TTTGTCATCT TCTTCATTGC TGTTACCTTC ATTTCCATTT 3960 

TAACAACAGG AGAAGGAGAA GGAAGAGTTG GTATTATCCT GACTTTAGCC ATGAATATCA 4020 

20 TGAGTACATT GCAGTGGGCT GTAAACTCCA GCATAGATGT GGATAGCTTG ATGCGATCTG 4080 

TGAGCCGAGT CTTTAAGTTC ATTGACATGC CAACAGAAGG TAAACCTACC AAGTCAACCA 4140 

AACCATACAA GAATGGCCAA CTCTCGAAAG TTATGATTAT TGAGAATTCA CACGTGAAGA 4200 

AAGATGACAT CTGGCCCTCA GGGGGCCAAA TGACTGTCAA AGATCTCACA GCAAAATACA 4260 

CAGAAGGTGG AAATGCCATA TTAGAGAACA TTTCCTTCTC AATAAGTCCT GGCCAGAGGG 4320 

30 TGGGCCTCTT GGGAAGAACT GGATCAGGGA AGAGTACTTT GTTATCAGCT TTTTTGAGAC 4380 

TACTGAACAC TGAAGGAGAA ATCCAGATCG ATGGTGTGTC TTGGGATTCA ATAACTTTGC 4440 

AACAGTGGAG GAAAGCCTTT GGAGTGATAC CACAGAAAGT ATTTATTTTT TCTGGAACAT 4500 

35 

TTAGAAAAAA CTTGGATCCC TATGAACAGT GGAGTGATCA AGAAATATGG AAAGTTGCAG 4560 

ATGAGGTTGG GCTCAGATCT GTGATAGAAC AGTTTCCTGG GAAGCTTGAC TTTGTCCTTG 4620 

40 TGGATGGGGG CTGTGTCCTA AGCCATGGCC ACAAGCAGTT GATGTGCTTG GCTAGATCTG 4680 

TTCTCAGTAA GGCGAAGATC TTGCTGCTTG ATGAACCCAG TGCTCATTTG GATCCAGTAA 4740 

CATACCAAAT AATTAGAAGA ACTCTAAAAC AAGCATTTGC TGATTGCACA GTAATTCTCT 4800 

45 

GTGAACACAG GATAGAAGCA ATGCTGGAAT GCCAACAATT TTTGGTCATA GAAGAGAACA 4860 

AAGTGCGGCA GTACGATTCC ATCCAGAAAC TGCTGAACGA GAGGAGCCTC TTCCGGCAAG 492 0 

50 CCATCAGCCC CTCCGACAGG GTGAAGCTCT TTCCCCACCG GAACTCAAGC AAGTGCAAGT 4980 

CTAAGCCCCA GATTGCTGCT CTGAAAGAGG AGACAGAAGA AGAGGTGCAA GATACAAGGC 5040 

TTTAGAGAGC AGCATAAATG TTGACATGGG ACATTTGCTC ATGGAATTGG AGGTAGCGGA 5100 

55 

TTGAGGTACT GAAATGTGTG GGCGTGGCTT AAGGGTGGGA AAGAATATAT AAGGTGGGGG 5160 

TCTCATGTAG TTTTGTATCT GTTTTGCAGC AGCCGCCGCC ATGAGCGCCA ACTCGTTTGA 5220 
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10 



15 



20 



25 



30 



35 



CCATGGGCCG GGGTGCGTCA 528 0 

CCCGCAAACT CTACTACCTT 5340 

GCCTCCGCCG CCGCTTCAGC 5400 

CGCTGCAGCC ACCGCCCGCG GGATTGTGAC TGACTTTGCT TTCCTGAGCC CGCTTGCAAG 5460 



TGGAAGCATT GTGAGCTCAT ATTTGACAAC GCGCATGCCC 
GAATGTGATG GGCTCCAGCA TTGATGGTCG CCCCGTCCTG 
GACCTACGAG ACCGTGTCTG GAACGCCGTT GGAGACTGCA 



40 



CAGTGCAGCT TCCCGTTCAT CCGCCCGCGA TGACAAGTTG 
GGATTCTTTG ACCCGGGAAC TTAATGTCGT TTCTCAGCAG 
GGTTTCTGCC CTGAAGGCTT CCTCCCCTCC CAATGCGGTT 
(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
ACTCTTGAGT GCCAGCGAGT AGAGTTTTCT CCTCCG 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



ACGGCTCTTT TGGCACAATT 5520 
CTGTTGGATC TGCGCCAGCA 5580 
TAAAACATAA ATAAA 5635 



36 



•45 



50 



55 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GCAAAGGAGC GATCCACACG AAATGTGCC 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



29 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6 
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CTCCTCCGAG CCGCTCCGAG CTAG 
(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7 
CCAAAAATGG CTGGGTGTAG GAGCAGTGTC C 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 
CGGATCCTTT ATTATAGGGG AAGTCCACGC CTAC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear. 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9 
CGGGATCCAT CGATGAAATA TGACTACGTC CG 
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Claims 

1 . An adenovirus-based gene therapy vector comprising the genome of an adenovirus 2 
serotype in which the Ela and Elb regions of the genome, which are involved in early stages 

5 of viral replication, have been deleted and replaced by genetic material of interest. 

2. The adenovirus-based gene therapy vector of claim 1 , wherein the genetic material of 
interest is DNA encoding cystic fibrosis transmembrane conductance regulator 

10 3. The adenovirus-based gene therapy vector of claim 1 further comprising PGK 
promoter operably linked to the genetic material of interest. 

4. The adenovirus-based gene therapy vector of claim 2 having substantially the same 
nucleotide sequence as shown in Table II (SEQ ID NO:3). 

15 

5 . An adenovirus-based gene therapy vector comprising adenovirus inverted terminal 
repeat nucleotide sequences and the minimal nucleotide sequences necessary for efficient 
replication and packaging and genetic material of interest. 

20 6. The adenovirus-based gene therapy vector of claim 5 having the adenovirus 2 
sequences shown in Figure 17. 

7. The adenovirus-based gene therapy vector of claim 5 further comprising PGK 
promoter operably linked to the genetic material of interest. 

25 

8. The adenovirus-based gene therapy vector of claim 5 in which the genetic material of 
interest is selected from the group consisting of DNA encoding: cystic fibrosis 
transmembrane conductance regulator, Factor VIII, and Factor IX. 

30 9. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
has been deleted for all E4 open reading frames, except open reading frame 6, and 
additionally comprising genetic material of interest. 

1 0. The adenovirus-based gene therapy vector of claim 9 further comprising PGK 
35 promoter operably linked to the genetic material of interest. 

1 1 . The adenovirus-based gene therapy vector of claim 9 in which the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, have been deleted. 
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12. The adenovirus-based gene therapy vector of claim 9 in which the E3 region has been 
deleted. 

13. An adenovirus-based gene therapy vector comprising an adenovirus genome which 
5 has been deleted for all E4 open reading frames, except open reading frame 3, and 

additionally comprising genetic material of interest. 

14. The adenovirus-based gene therapy vector of claim 13 in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

10 deleted. 

15. The adenovirus-based gene therapy vector of claim 1 3 further comprising PGK 
promoter operably linked to the genetic material of interest. 

15 16. The adenovirus-based gene therapy vector of claim 1 3 in which the E3 region has 
been deleted. 

17. A method for treating or preventing cystic fibrosis in a patient comprising 
administering to the pulmonary airways of the patient, a gene therapy vector comprising 

20 DNA encoding cystic fibrosis transmembrane conductance regulator. 

1 8. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising the genome of an adenovirus 2 serotype in which the Ela and Elb 
regions of the genome, which are involved in early stages of viral replication, have been 

25 deleted and replaced by DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

1 9. The method of claim 1 7 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 

' 30 regulator. 

20. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising adenovirus inverted terminal repeats and the minimal sequences 
necessary for efficient replication and packaging and DNA encoding cystic fibrosis 

35 tranmembrane conductance regulator. 

2 1 . The method of claim 20 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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22. The method of claim 1 7 wherein the gene therapy vector is an adeno virus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and additionally comprising DNA encoding 

5 cystic fibrosis transmembrane conductance regulator. 

23. The method of claim 22 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 

10 

24. The method of claim 1 7 wherein the gene therapy vector is an adenovirus-based gene 
therapy vector comprising an adenovirus genome which has been deleted for all E4 open 
reading frames, except open reading frame 6, and has been deleted for the Ela and Elb regions 
of the genome, which are involved in early stages of viral replication, and additionally 

1 5 comprising DNA encoding cystic fibrosis tranmembrane conductance regulator. 

25. The method of claim 24 wherein the gene therapy vector further comprises PGK 
promoter operably linked to the DNA encoding cystic fibrosis transmembrane conductance 
regulator. 
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STRATEGY FOR CONSTRUCTING pKK- CFTR1 
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CONSTRUCTION OF THE pKK- CFTR3 CLONE (cont'd.) 
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Figure 12B 
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